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^ NANBV diagnostics and vaccines. 



g) A nev/ virus. Hepatitis C virus (HCV). which has proven to be the major eliologic agent of blood-borne 
vJANBH. was discovered by Applicant. The initial work on this virus, which includes a partial genomic sequence 
Df the prototype HCV isolate, is described in EPO Pub. No. 318.216, and PCT Pub. No. WO/89/04669. The 
Dresent invention, which in part is based on new HCV sequences and polypeptides which are not disclosed in 
.h ve-cited publications, includes the application of these new sequences and polypeptides in immunoas- 
sb,'^. probe diagnostics. anti-HCV antibody production. PGR technology, and recombinant DNA technology. 
Included within the invention also are novel immunogenic polypeptides encoded within cior^es containing HCV 
cDNA. novel methods (or purifying an immuncganic HCV polypeptide, and antisense polynucleotides derived 
from HCV cONA. 
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NANBV DIAGNOSTICS AND VACCINES 



Technical Field 

The invention relates to materials and methodologies for managing the spread of non-A. non-B hepatitis 
virus (NANBV) infection. More specifically, it relates to polynucleotides derived from the genome of an 
etiologic agent of NANBH. hepatitis C virus (HCV). to polypeptides encoded therein, and to antibodies 
directed to the polypeptides. These reagents are useful as screening agents for HCV and its infection, and 
as protective agents against the disease. 
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Background Art 



Won-A. Non-B hepatitis (NANBH) is a transmiss hi h 
Xiral-induced. and that are distinguishable irom oth ? "^'^^^^^ °' 'a^ily of diseases that are believed to be 
caused by the known hepatitis viruses ie h« .v °' ""'^'"^ssociated liver diseases, including that 
hepatitis virus (HDV). as well as the heDatiti, inn ^ J""^ ^^"^^'"^ ^ ^'^"^ (^^^V). and delta 

'cr (EBV). NANBH was first identified in transfred Thh"^ f cytomegalovirus (CMV) or Epstein-Barr virus 
serial passage in chimpanzees provided evidence V^1?TanIJTh"'T'°" ""^ *° chimpanzee and 
ag nts. NANBH IS due to a transmissible infectious agent or 

Epidemiologic evidence is suggestive that tho,» 
epidemic type; the blood or needle associated 1^0^ , Tl °* **ater-bome 

's type. However, the number of agents which mav b« ^IT .^P"^"^'""/ occurring (community acquired) 
Clinical diagnosis and iden^fication 0, NANBH h., h °' 
viral markers. Among the methods used to detect n?.=.. Mr^JT^"^*^ primarily by exclusion of other 
diffusion, counterimmunoelectrophores.7 l^^un^lT ^tityxiies are agar-gel 

radioimmunoassay, and enzyme-linked immunosortlTnrr"''^ microscopy, immune electron microscopy, 
to be sufficiently sensitive, specific, and reproducrb.f ,n ^^^J"""^^"^- °* these assays has proved 

Pr viously there was neither clarity nor aQrer,^«n^ 
anfitx)dy systems associated with agents of f^ANBH °" specificity of the antigen 

infection of HBV with NANBV in indivirt„=.i. ° ' *" P«t. to the prior or co- 

antigens associated with HBV. as well as to'fhrin !o ! known complexity of the soluble and particulate 
25 addition, there is the possibility that NANBH ^^ .T fl. k°" «^ S^""'"* °' «"s. In 

possibility that NANBH has been misdiaonn ^ ^ ^ infectious agent, as well as the 

in the serum of patients with NANBH H h^ hJ^"''^"''®'; ""'"^^ ^® serological assays detect 
munoelectrophoresis assays detect auioimr^nr*" postulated that the agar-gel diffusion and counterim- 
times occur between serum specS^enTTnd thlT''°T^ nonspecific protein interactions that some- 
30 reactions. The immunofluorescence and en^vZ:. l-!!. "°' '^^^^^^ sP«^«c NANBV antigen-antibody 
detect low levels of a rheumatoid!factor ,ike mT^^^^^^ radioimmunoassays appear to 

NANBH as well as in patients with oSer^ep"'^^^^^^^ "^^'^^ ^'""^ °* ^'h 

- Feinstone Ho?fna^,eT9'i\.°lnrSlX tgS 1bB7^^ ^ '"^'T 

However, there is no proof that any of these cJrtiL, ' ^ ^ <'987). 

The demand for sensitive sp^circ Lt^^f/^^ '^^^^^ 
NANBV contaminated blood or b^ofprrduc? 's sloS'^^^^^^ "^'^'^ °' ^'^^^^ 

^proximately 10% of transfused pa^enS S^d NAnibh Post-transfus.on hepatitis (PTH) occurs in 

" "t^ "^^^^^r P-^rrsi^nTo'clr^^cTvLVdlm-aVM^^^^^^ 

c. os^rLnTcorcr^^^e^eT^^^^^^^^ °^ — - -ood products or by 
ant,gens and antibodies delated trNANsT^ '° 

etioloTc rglTbrd'b rnTNATBH Tb B N A N B H> A ^'"^ l"^^" ""^^^ ^« ^° ^« 

sequence of the prototype HcT^iaxe CDC^»cv^^ 'T' ^''^'^'^^^S ^ P^^' S^nomic 

318.216 (published 31 Mav 19MT !lrt Pr5 o J 1 " ^ ''^^"^ EPO Pub. No. 

disclosuri of theL Len? J!. / ^'^^ (published 1 June 1989). The 

- -corpcr^ dl erby'^;7ence' Th^^^^^^^ "--PO"c^ing national paten, applications, ar 

and expressing HCV seqrnces HPV '"'"^ '^"'"''-^t ^NA methods of cloning 

d. agnos^c techniques antrHcJ .nrS . ' '''T"^'- --""°^'agnostic techniques. HCV probe 
sequences of new HCV isoLes ' °' sequences, including 
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Disclosure of the Invention 



The present invention is based, in pan. on new HCV sequences and polypeptides that are not disclosed 
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in EPO Pub. No. 318.216. or m PCT Pub. No. Wp 89.04069. tncluded withm the invention is the application 
' * ' °' sequences and polypeptides in. inter alia, immunodiagnostics. probe diagnostics. anti-HCV 

antibody production. PGR technology and fecombmant ONA technology. Included within the invention, also. 

are new innmunoassays based upon the immunogemcny o( HCV polypeptides disclosed herein. The new 
5 suojeci matter claimed herein, while developeo usmg iecKniques described in. tor example. "EPU Pub. No. 

313.216. has a priority date which antecedes that publication, or any counterpart thereof. Thus, the invention 

provides novel compositions and methods useful for screening samples for HCV antigens and antibodies. 

and useful (or treatment of HCV infections. 

Accordingly, one aspect of the invention is a recombinant polynucleotide comprising a sequence 
to derived from HCV cONA. wherein the HCV cDNA is m clone i3i. or clone 26j. or clone 59a. or clone S4a, or 

clone CAl56e. or clone 167b. or clone pil4a. or clone CA2l6a. or clone CA290a. or clone ag30a. or clone - 

205a. or clone 18g. or clone iSjh, or wherein the HCV cONA is of a sequence indicated by nucleotide 

numbers -319 to 1348 or 8659 to 8866 in Fig. 17. 

Another aspect of the invention is a purified polypeptide comprising an epitope encoded within HCV 
;s cONA wherein the HCV cDNA is of a sequence indicated by nucleotide numbers -319 to 1348 or 8659 to 

8866 in Fig. 17. 

Yet another aspect of the invention is an immunogenic polypeptide produced by a cell transformed with 
a recombinant expression vector comprising an ORF of ONA derived from HCV cONA. wherein the HCV 
cDNA is comprised of a sequence derived from the HCV cDNA sequence in clone CA279a. or clone CA74a. 
20 or clone l3i..or clone CA290a. or clone 33C or clone 40b. or clone 33b. or clone 25c. or clone 14c, or clone 
8f. or clone 33f. or clone 33g. or clone 39c. or clone 15e. and wherein the ORF is operably linked to a 
' control sequence compatible with a desir ed ho^ 

^Another asp ect of the invention is ^^epti^e ^om prising an HCV epitope, wherein the/^ptidejis of the 

formula ~ ^ ^ 

25 ''TvA^-AAy. 

wherein x and y designate amino acid numbers shown in Fig. 17. and wherein the peptide is selected from 
the group consisting of AA1-AA25. AA1-AA50. AA1-AA84. AA9-AA177. AAl-AAlO, AA5-AA20. AA20-AA25. 
AA35-AA45. AA50-AA100. AA40-AA90. AA45-AA65. AA65-AA75. AA80-90. AA99-AA120. AA95-AA110. 
AA105-AA12O, AA100-AA150. AA150-AA200. AA155-AA170. AA190-AA210. AA200-AA250. AA220-AA240. 

30 AA245-AA265. AA250-AA300. AA290-AA330. AA290-305. AA300-AA350. AA310-AA330. AA350-AA400. 
AA380-AA395, AA405-AA495. AA400-AA450. AA405-AA415. AA415-AA425. AA425-AA435. AA437-AA582. 
AA450-AA500. AA440-AA460. AA460-AA470. AA475-AA495. AA500-AA550. AA5n-AA690. AA515-AA550, 
AA550-AA60O. AA550-AA625. AA575-AA605. AA585-AA600. AA600-AA650. AA600-AA625. AA635-AA665. 
AA650-AA700. AA645-AA680. AA700-AA750. AA700-AA72S. AA70O-AA75O. AA725-AA775, AAr70*AA790. 

35 AA750-AA800, AA800-AA815. AAe25-AA850, AA850-AA875. AA800-AA850. AA920-AA990. AA850-AA900. 
AA920-AA945. AA940-AA965. AA970-AA990. AA950-AA100O. AA1000-AA1060. AA1 000-AAl 025. AA1000- 
AA1050. AAl 025- AA 1040, AA104O-AA1O55. AA1075-AA1 175. AA1050-AA1 200. AAl 070-AAl tOO, AAllOO- 
AA1130. AAt 140-AAn65. AAl 1 92- AAl 457. AAn95-AA1 250. AAl 200-AA1 225, AAl 225-AA1 250. AA1250- 
AA1300. AA1260-AAmO, AAl 260- AAl 280. AAl 266-AA 1428. AAl 300-AAl 350, AAl 290-AA1 310. AA1310- 

40 AA1340. AAl 345- AAl 405. AAl 345-AA1 365. AAl 3 50- AAl 400, AAl 365- AAl 380. AAl 380- AAl 405. AAMOO- 
AA1450. AAl 450- AAl 500, AAl 460- AAl 475, AAl 475- AAl 51 5. AAl 475- AAl 500. AAl 500- AAl 550. AA1500- 
AA1515. AA1515-AA1550. AAl 5 50- AAl 600. AAl 545- AAl 560. AAl 569- AAl 931 . AAl 570- AAl 590. AA1595- 
AA1610. AA1590-AA1650. AA1610-AA1645. AAl 650- AAl 690. AAl 6 85- AAl 770. AAl 689-AA 1805, AA1690- 
AA1720. AA1694-AA1735. AAl 720-AAl 745, AAl 745- AAl 770. AA1750-AAia00. AA1775-AA1 8l0. AAl 795- 

45 AA1850, AA1850-AA1900. AAl 900- AAl 950. AAl 900- AAl 920. AA1916-AA2021 . AAl 920- AAl 940. AA1949- 
AA2124. AA1950-AA2000. AAl 9 50- AAl 985. AA1980-AA2000. AA2000-AA2050. AA2005-AA2025. AA2020- 
AA2045. AA2045-AA2100. AA2045-AA2070. AA2054-AA2223. AA2070-AA2100.. AA2100-AA21 50. AA2150- 
AA2200. AA2200-AA2250. AA2200-AA2325. AA2250-AA2330. AA2255-AA2270. AA2265-AA2280. AA2280- 
AA2290. AA2287-AA2385. AA2300-AA2350. AA2290-AA231 0. AA231 0-AA2330. AA2330-AA235O. AA2350- 

50 AA2400. AA234a-AA2464. AA2345-AA241 5, AA2345-AA2375. AA2370-AA2410. AA2371-AA2502. AA2400- 
AA2450. AA2400-AA2425. AA24 1 5-AA2450. AA2445-AA2500. AA2445-AA2475. AA2470-AA2490. AA2500- 
AA2550. AA2505-AA254O. AA2535-AA2560. AA2550-AA2600, AA2560-AA2580. AA2600-AA265O. AA2605- 
AA2620. AA2620-AA2650. AA2640-AA2660. AA2650-AA2700. AA2655-AA2670. AA2670-AA2700. AA2700- 
AA2750. AA2740-AA2760. AA2750-AA2800. AA2755-AA27eO. AA2780-AA2830. AA2785-AA281 0. AA2796- 

S5 AA2886. AA2810-AA2825. AA2800-AA2850. AA2850-AA29O0. AA2a50-AA2B65. AA2885-AA2905. AA2900- 
AA2950, AA2910-AA2930. AA2925- AA2950. AA2945-end(C" terminal). 

Still another aspect of the invention is a monoclonal antibody directed against an epitope encoded in 
HCV cDNA. wherein the HCV cDNA is of a sequence indicated by nucleotide numbers -319 to i348 or 
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8«59 to 8866 in Fig. 17, or is the sequence nresen. io , ' ' 

clone CA156e. or clone 167b. or clone pHAa or T,n r^o I °' °' °' S4a. or 

205a. or clone I8g. or done l6jh. ^ °' ^^3°^- °' c'o"^ agSOa. or clone 

.nO,ca,e. by noCeofde nur..:rs!?:9To ^3^ '^-."^V cDNA is of a sequence 

c/one 13,. or clone 26i. or clone 59a or cionl «! . ^ °' seq4ence present .n in 

'CA2i6a. or Clone CA290a. orc^nfaoaoa " .t^' " °^ P*'^-" °^ 

S,il, another aspect of the invention rs a on f'f" °^ °^ 
fo of an HCV sequence derived from arHCV cX "^^^ "^"'^ 

nucleotides, v^nerein the nucleotide stoln. . ^ "^ ^ nucleotide sequence of about 8 or more 

's by nucleotide numbers -319 ^, 34a o,Ts9 T ^'"^'^ '^^^ °^ ^ *"^'-'e^ 

suitable container. '° ^ "^'g- wherein the polynucleotide probe is in a 

Another aspect of the invention is a kit for ' 
comprising an antibody which reacts im™ ■ ^^'^^"9 samples for the presence of an HCV antioen 
epifpe encoded within HCV cONA wh^h f^'""^ """^ ^" ."^^ "'^S^"- antigen contains an 

^0 8659 to,8a66 in Fig. 17. or wherein thl niv LnrSf "^"''V"*"*^ nucleotide numbers -319 to 1348 or 
or Clone CA156e. or clone 167b or clon» , . °^ ^Bi. or clone 59a. or clone 84a 

Clone 205a. or clone 18g. or clone 16jh °' °' CA290a. or done ag30a. or 

Yet another aspect of the invention is a kit ir, 
comprising an antigenic polypeotide con.=ii^ analyzing samples for the presence of an HCV antibody 
5 s quence indicated by nSoS „ "t^T'^^o'" ^""'^^ ^"^^ of a 

Clone 26i. or clone 59a. or ^^fsi^TcTone CA^.i^' " "^'^ ^ ^'S" °^ ^'^"^ '^i. or 
Clone CA290a. or clone ag30a or clone 2o£^ n ^ 'j" °' P*'*^' °' CA2l6a. or 

Another aspect of the invention ^ a S for'J^^r °' 
comprising an antigenic polypeptide 9xn%«oL » ^^'^"9 samples for the presence of an HCV antibody 
' 13.. or Clone CA2^a. or'c.on': 33c or c^^nelob^^r " ^ ' 

clon 33f. or clone 33g. or clone 3^ or cton« 7^ H ^^"^ °' ^^'^^ °' °' 8'- °r 

suitable container. ^ *^efein the antigenic polypeptide is present in a 

comprising:^"'*' "'^'^ °' = '"«'^«^ «ietecting HCV nucleic acids in a sample .' 
(a) r acting nucleic acids of th« 

comprised of an HCV siuen« de^^ f, ' P'obe for HCV. wherein the probe is 

nucleotide numbers -319T0 T3S or S^S to"^ ''p'' °' ^ indicated by 

which allow the formation of a polynucleotide ^J">^t ^""^ '^^"^'"^ ""ditions 

sample: and (b) detecting a POlynuc"eo STuotf h^^^ ''^ ^"''^ ^'^''^ the 

Yet another aspect of the inventSn s an -m ««P <^>- 

(a) incubating a sample sus^cted Tdnf '.'""'"""""y '^^•^'^ns an HCV antigen comprising: 

epitope encoded in hVcDnI I',: e^^^ - antibody directed ag^nst'an HCV 

-319 to 1348 or 8659 to 8866 in Rq 17 T,. ,^ sequence indicated by nucleotide numbers 

or Clone 84a. or clone CA156e. or clone 167b or 'c!„'„"^"'?/'"^"' °' ^Bj. or clone 59a. 

ag30a. or clone 2d5a. or clone iao J Zij r"..f''^- °' CA216a. or clone CA290a. or clone 

allow formation of an antigen-antiSdy comnf^J h 1. " '"^ '"^"''^ting is under conditions which 

step (a) which conta.ns-the antft^dT ^" antibody-antigen complex formed in 

HCv'Ii;«g:rc:mpri^rg:°* immunoassay for detecting antibodies directed against an 

In ep^'^l'Tcord^rnTcrcS,:' ^Ve" hSv" n"'^'^^ '^'^ ^ ^''^'^ ^'^^^^'^^ =—"9 
numbers -319 to 1 348 or ^59 Tro ^7 °^ ^ '^^^"^^ -^*cated by nucleotide 

Clone 59a, or clone 84^ or donfS, " ' ''^^"^"^ ^^i. or clone 26j. or 

CA290a. or clonna3?a or ... orS ^' °' °^ '^'^^^ P*"^^- °^ CA2l6a. or clone 

conditions aHow foLit"^ , ' °' " -^"''ating is under 

complex formed in s e^.I^T r ^ ant.gen-amibody complex: and detecting an antibody-antigen 
An th contains the antigen oolypeptide aniigen 

polypeptide comaTnino^n HCv '°"t'' ' '^'"'"'"^ °' "''^ '=°-P--9 - immunogenic 

onta,n.ng an HCV ep.tope encoded in HCV cDNA, wherein the HCV cDNA is of a sequence 
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indioated by nucleolid*^ n. i 



cone 33C or Cone 40b. or Cone 33b o c one 25 o7c.one Z " °^ ^^^Oa. or 

Clone 39c. or clone ISe ;,nH k ^'^ne 8/. or clone 33f or rlnn« -^q ' 

HCv"oNTin;ars;;:ri:Pirrr'" ^""^^"^^ Po.ynuc,eo,..e ^3^.3^ .co. HCV cDNA. whe^in ,he 
(a) providing a crude cell lysate containing polypeptide C 100-3 



(c) (solatin material. 



le! lul'lT^ C.00-3 polypeptide by anion exchar^ge chromatography, and 
(e) further .solafng the ClOQ-3 polypeptide of step (d) by gel nitration 

Brief Description o( the Drawings 

g. d Shows the HCV cDNA sequence .n clone k9-l. and the amino acids encoded therein 
ar,d ^se^::::::;:^^:::^::;::::^ .he ar^mo a^ds encoded therelr,. 

ar,d °' ^^^^^ -^-^ encoded there,n. 

.herei^LVeXircer:^^^^^ ^r^ino acids encoded 

-^^e,ni:^-:Z:::::S^l— - — . the ar^mo a^s encoded 

-er."tn:^:Z:::c::^:^;::;-^^^ - — ■ a^ds encoded 

.herein"^ndV:::;rn;erJro\:r^^^^^^^^ - — ed 

.herein'?nd7he"or,arwi:rnrc^^^^^^^^^^^ °' ^'^^ ^^^^^^ ^'^^ — 

.herein'^a'nd^^e^rr.arwircrorc^^^^^^^^ °' 

CA290a!^" '''^ nucleotide sequence of HCV cDNA in clone agSOa and the overlap with clone 

CDNA ZV.l:eTcZcZT °' "^^^^ ^-'^P 

CDNA s?qu::crrc,one%X °' ^"^ '^^ 

and thrUrtnT' T nucleotide sequence of HCV cONA In clone iSjh. the arr^ino acids encoded there,'n 
and the overlap of nucleotides wnh the HCV cONA sequence in clone I5e 

K9.1 ^S' Tr 7^7 '""""^ '^^"^ "^'""^ P''^^' C^^^^*^- CA.56e. CA84a. CA59a. 

and ise " ^S*^" ^^f- 33g. 39c. 35f. .9g. 26g. 

Hoc. !^ '^^ '^"'^ '^'^""^ °' compiled HCV CDNA sequence derived Irom the above- 

described Clones and the comp.led HCV cDNA sequence published -n EPO Pub. No. 3,8 2i6 The dores 
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from Which the sequence was derived are b 11 4a ifio -^n'^ v 
CAl56e. CA84.. CA59. K9-1 (also called k9-,, 26i i^i ,pf f CA2l6a.lpli4a. CA,67b. 

32. 33b. 25C. I4c.4^. 33g. 39c. 35f. ,99 Ssl' ^5pt.l ' V'' 40b. 37b. 35. 36. 81. 

dishes above the sequence indicate the position of "the out., ^""^ .'^'^ figure the three horizontal 

c^ash s .ndicate the first and las. nucleotides of the oubl^h ^ '"-thionine codon: the two vertical 

a^.no acid sequence of the putative polyprotein encoded in me 'hJu"'.'.' 

J- - a diagra. of the ...uno.og.ca, colon, sc^^^^-^hod used .n ant.gen.c .app.ng 
F>g. 19 shows the hydrophobicity profiles of polvorot^inc 

Fig. 20 is a tracing of the hydrophiliaty/hydrooh^r . *" ^""^ ^^^^ 

putative HCV polyprotein.- 'V f^ydrophob.aty profile and of the antigenic index of the 

Fig. 21 Shows the conserved co-linear peptides in HCV and Rav.viruses. 



I. Definitions 



20 



The term "hepatitis C virus" has been 
eticlogic agent of NANBH. Accordingly, as useT herein T^'' ^" ""^"o-n 

causitive of NANBH. which w;,. w™! " ^^P^^'^^ C virus- (HCV) refers to 



5 



causitive of NANBH. which was forme referr^n r*"' ^ <"CV) refers to an agem 

NANBV. and BB-NANBV are used intercl'n^eabL herein 'a ""^^ ""'^^ BB-NANBV. The terms HCV. 
caused by HCV. formerly called NANB hep^S ,NrNBH. °' '^"^'-oiogy. the disease 

hepatUis C may be used interchangeabfy heret " ^^"^'^ C. The terms NANBH and 

'he term "HCV as 

and attenuated strains or ^etecZZe^e^T^^^^ derf !f "^""^ ^o^^r^'C strains cause NANBH. 

comprised of RNA. ., is known that RNA Sn a mmn ^'^''""^ "^V genome 

mutation, i.e.. reportedly on the order of , 0-^,0- "^Mr/ "'"""^'^ ^'3'' ^^'^^ °' spontaneous 

Therefore, there are multiple strains which mav h« ? '"Wrporated nucleotide (Fields & Knipe (1986)) 
.0 -ntra The compositions and methods de?cri.;d'h^ereLl°\r"'""*- ''^^ species^escribed 

■solation Of the various HCV strains or isc^L^s Mo'eove" t« '''^"^ication. detection, and 

^agnostics and vacc.nes for the various straS. aJ w J, a'.!.^ v preparation of 

^^-^-^^^rZZTcTr^^^^ prototype strain or isoUte of HCV 

o her strains which fall within the spec.es Se mfoS^Jt " '° ^ '^onomist to identify 

Rav,-like virus. The morphology and comp^^on n7p '°" ""^""'^ "^at HCV is a 

Brintoo (1986). Generally, wit^resict T^'^J^/'^^^^^^-^^^'^- ^-wn. and are discuL; ,n 
rounded by a lipid bi.ayer. Virions a^ spherTc^^iTa ^ ""='eo"psid sur- 

about 25-30 nm in diameter. Along the o!ter ur^aTe oMh! °' ^'^ '"'^^^ are 

10 nm long with terminal knobs about 2 nrlTln dllmLr ^""^'"'^ projections that are about 5- 

Different strains or isolates of HCV are exo-rt^rt ^ 
acids compared with the prototype isolate HCV^M^n . ^^"^'^^^s ^t the amino acid and nucleic 
^ut 40%) homology ,n the toL amfrlo ac^ seque4rcro;^^^^ 

«ound that other less homologous HCV isolates Thlf ^'^^ ^^CVi. However, it may also be 

various criteria such as an ORF of approx maL.v 9 Soo n^ t . ^ '"""^ " according to 

encoding a polyprotein similar in size ,0 throrncv, . t^"*!' '° ^ P^O''""ately 12.000 nucleotides 
antigenic character to that of HCVl. and the presence of L^i^ P^'VP^tein of similar hydrophobic and 

"^"cr-rr; ^^^^^^^^^^ ^' - ~ 

The un,queness of the epitope may be determined by ts Tmm f '° Flav.viruses. 

and .ac. o( immunological reactivity with anTt^dL ,^0 ^ '^""^ 

immunological reactivity are known in the T fo, examn," h determining 
^emaggMination. and several examples of suitable Jhn radioimmunoassay, by Eiisa assay, by 

'n addition ,0 the abov . ,he foL.ng S ametlrs .T'"'! °' 

9 parameters of nucleic acid homology and amino acid homology 
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\r. .nnlicable e-ther alone or in combination, .n .dentifying a strain or isolate as HCV. S.nce HCV strains 
and ^o ates are e!olutionar..y related, i. .s expected that the overall hor^ology o. the genomes at the 
^ucleo^de feve. probably will be about 40% or greater, probably about 60% or greater, and even more 
nucleot de leve, p y ^^^^ ^^^^^ ^.^^ corresponding contiguous s quences of at 

""lu't^S nucJeoides The cbrrespondence between the putative HCV strain genomic sequence and 
mfcD^^CVl cDNA Sequence can be determined by techniques known in the an. For example, they can 
^ deteri^ned by a direct comparison of the sequence information of the polynucleotide from the putative 
HcT^Ze HCV cDNA sequence(s) described herein. For example, also, they can be determined «y 
hvbrldS^ion of the polynucleotides under conditions which form stable duplexes between homologous 
Soions Z example those which would be used phor to S, digestion), followed by digestion with single , 
Jlnrt^^d soecific nuclease(s). followed by size determination of the digested fragments. 

8^0^01 trevolutionary relationship of the strains or isolates of HCV. putative HCV strains or 
«o Ji^are identifiable by their homology at the polypeptide level. Generally. HCV strains or isolates ar 
™rted to be more than about 40% homologous, probably more than about 70% homologous, and even 
more orobably more than about 30% homologous, and some may even be more than about 90% 
homoloaous at the polypeptide level The techniques for determining amino acid sequence homology are 
known in the art For example, the amino acid sequence may be determined directly and compared to the 
seauences provided herein. Alternatively the nucleotide sequence of the genomic matenal of the putative 
HCV may be determined (usually via a cDNA intermediate), the amino acid sequence encoded therein can 
, be determined, and the corresponding regions compared. 

AS used herein, a polynucleotide "derived from" a designated sequence refers to a polynucleotide 
sequence which is comprised of a sequence of approximately at least about 6 nucleotides, preferably at 
least about 8 nucleotides, more preferably at least about 10-12 nucleotides, and even more preferably at 
least about 15-20 nucleotides corresponding to a region of the designated nucleotide sequence. 
-Corresponding- means homologous to or complementary to the designated sequence. Preferably, the 
sequence of the region from which the polynucleotide is derived is homologous to or complementary to a 
sequence which is unique to an HCV genome. Whether or not a sequence is unique to the HCV genome 
can be determined by techniques known to those of skill in the art. For example, the sequence can be 
compared to sequences in databanks, e.g.. Genebank. to determine whether it is present in the uninfected 
, host or other organisms. The sequence can also be compared to the known sequences of other viral 
agents including those which are known to induce hepatitis, e.g.. HAV. HBV. and HDV. and to other 
members of the Raviviridae. The correspondence or non-correspondence of the derived sequence to other 
sequences can also be determined by hybridization under the appropriate stringency conditions. Hybndiza- 
tion techniques for determining the complementarity of nucleic acid sequences are known in the art. and 
s are discussed infra. See also, for example. Maniatis et al. (19B2). In addition, mismatches of duplex 
polynucleotides formed by hybridization can be determined by known techniques, including for example, 
digestion with a nuclease such as Si that specifically digests single-stranded areas in duplex poly- 
nucleotides. Regions from which typical DNA sequences may be "derived" include but are not limited to. 
for example, regions encoding specific epitopes, as well asr non-transcribed and/or non-translated regions. 
« The derived polynucleotide is not necessarily physically denved from the nucleotide sequence shown, 
but may be -generated in any manner, including tor example, chemical synthesis or DNA replication or 
reverse transcription or transcription. In addition, combinations of regions corresponding to that of the 
desiqnated sequence may be modified in ways known in the art to be consistent with an mtended use. 

Similarly a polypeptide or amino acid sequence "derived from" a designated nucleic acid sequence 
« refers to a polypeptide having an amino acid sequence identical to that of a polypeptide encoded m the 
sequence, or a portion thereof wherein the portion consists of at least 3-5 amino acids, and more preferably 
at least 8-10 amino acids, and even more preferably at least 11-15 amino acids, or which -s im- 
munologically identifiable with a polypeptide encoded in the sequence. 

A recombinant or denved polypeptide is not necessarily translated from a ^«=;9"^^«*Lr.t Iv be 
so sequence, for example, the HCV cDNA sequences described herein, or from an "^V genome^ it may b^^^ 
generated in any manner, including for example, chemical synthesis, or expression of a ^ec°'^^'"^^ 
expression system, or isolation from mutated HCV. A recombinant or derived PJ^^^^ n^^rtTno aXgs of 
or more analogs of amino acids or unnatural amino acids in its sequence. Methods ^^J^^^l^^^'^^J^ 
ammo acids into a sequence are known in the art. It also may include one or more labels, which are known 

55 to those of skill in the art. ««r,«m.<" rONA 

The term "recombinant polynucleotide" as used herein intends a polynucleohde of ^^-^^^J^^^, 
semisynthetic, or synthetic origin which, by virtue of its origin or manipulation -^"=^^0 'S ^"^^^^^^^^ 
witn all or a portion of a polynucleotide with wtiich it is associated in nature. (2) is linked to a polynucleotide 
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Th» _ - , " "O' occur in nature 

The terrri polynucleotide" as used herein refers to a polymeric form of ' , 
ribonucleotides or deoxyribonucleotides. Th.s term refers only to ZT ""^leotides of any length, either 
Thus, this term includes double- and s.ng.e-stranded ONA as w^, t \TZ^'' ''^"^'"^^ °' 
also mcludes known types t)f modifications, for example 'labels whiL t" ^""^ "''^"^^"^ " 

caps . substitution of one or mor of the naturally occurring nucleoli T" -^^'^V'^''^"- 
r.od.f.cat.ons such as. for example, those w.th uncharge'tkaor. T " 
: phosphotr,esters. phosphoam.da.es. carbamates, etc.) and w.rchroed ! . 

phosphorodithioates. etc.). those contaming pendant moieties such ff/^ ^^' P^°^P^°^°<^'°^'«- 
'0 e g nucleases, toxins, antibodies, signal peptides. poly-L^lysine e^cT T'"'''^ 

acndme. psoralen, etc.). those containing Chelators (eg mLirradL^ f .ntercalators (e.g.. 

etc. . those containing alkylators, those with modified HnkToi Vf 1.7 

well as unmodified fomis of the polynucleotide. " ^ a"omeric nucleic acids, etc.). as 

The term "purified viral polynucleotide" refers to an uru 

'5 essentially free. i.e.. contains less than about 50-/ n,t? S .^^"""'^ °' fragment thereof which is 
preferably less than about 90«^ of polyj^p^^es w'J, wNch ^ ' 'f " ^"^ "^^^e 

Techniques for purifying viral polynuc^^t^des from ^^T 7 Po'y""Cleot,de is naturally associated, 
example, disruption of the particle wrth fc^^^^^^^^^ "^"'^'^^ ^« ^"^1 include for 

polynucleotide(s) and polypeotide. J Z.:J:°:°r^^ and separation oi the 

JO mentation according to dens^y. '0"-exchange chromatography, affinity chromatography, and sedi- 

essentially^Tee.^"et'^omLL''?esrmL?";,hrT^.=n^^ ^ polypeptide or fragment thereof which is 

preferably less than about Pnor J ! P^«'«^ably less than about 70%. and even more 
associated. Techniques for purifying vt^ ool ^3^!"'' ^'^"^ '^"^ P°'yP«P«d« naturally 

5 techniques are discussed infra ^! term "oS .^'^ ^- ^"'^ ^'^P'" °' ^'^"^ 

fragment thereof which is essentiaSy f^ e contnT refers to an HCV genome or 

50%. and even more preferably less thL?,.! "t ^^"f f ''^ "^"^ ^0%. preferably less than about 

naturally associated. Techn qSlVfor p^inQ^v^^^^^^^^ PO'VPepHdes w.th which the viral polynucleotide is 
and include for example, dis^ptto^of the oan^^^ 

polynucleotide(s) and polypeptides hv ion-%K ^ chaotropic agent, and separation of the 

mentation according to denSy '°"-««»«"9e chromatography, affinity chromatography, and sedi- 

"Recombinant host cells" "host cells" - n ■■ 

denoting microorganisms or higher eukarvntir nfn r ' . ' Other such terms 

can be. or have been, used as recfpS for X T ^ ^ ""^^^^^^ »° -►^'c*^ 

progeny of the ongina. J which hTs ^n t^^cTed ^ '""^'"^ ^"^ 

parental cell mr.y not necessarily be c^pte l ldSl ""'^^^"^^ '"^t the progeny of a single 
compler^t ..he or,inalparent.^d^ ~ or total O,. 

behave^l^an^utloZururotr^^^^^^^ a chromosome, a virus, a cosmid. etc. that 

its own control. Polynucleotide replication wrth.n a cell: i.e.. capable of replication under 

.epli:a;SrJn;ie^;:e1s.Tn^^ - —ed. so as to bring about the 

cod.ng~eTrw;r^^^ a^r^r ^ 3^^^^^^ srcfco^rr^'^ '° ^"^^ ^ ^ 
the host organism: in prokaryotes. such control sequences oenerT "f^r"''^^ depending upon 

site, and terminators: in eukaryotes. geneX such contrnf ^ '"""''^ "bosomal bmding 

in some instances, enhancer^ The ten^ " on ro sequinc ^Tim^^^^^ terminators and. 

components whose presence is necessary for expressSn \nH J ? ^ "'*"*"^un'. all 

whose presence is advantageous, for exa^^T-e "eS'Znces ' '=°-P— ts 

Operably linked" refers to a juxtaposition wherein the components Ho«^ 
permitting them to function in the.r intended manner. A contrT sequence 'l^^ TV. ' 
sequence is ligated in such a way that expression of the codl seZ ' Tl^^^ 1 . '° ' "^'"^ 
compatible with the control sequences. sequence rs achieved under conditions 

An -open reading frame" (ORF) is a' region of a polynucleotide seou nro -.hv-v, 
this region may represent a pon,on of a coding sequence or a totat coding sl:e:^^^^ ' Poiypep.ide, 

-o a r::^ptrwrn"p.^:dt^^^^^^^^^^ -n^- 

t^e coding sequence are determined by a translation stan ^odon 



to 
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codon at the 3 -terminus. A codmg sequence can include, but is not limited to mflNA cDNA ^nri 
recombinant polynucleotide sequences. * 

"immunologically identifiable with/as" refers to the presence of ep.tope(s) and polypeptides(s) which arP 
also present m the des.gna.ed po.ypeptic.e<s,. usually HCV prote.ns. Immunological den .^^3' be 
det rmmed by antibody b.nding and/or competition in bind.ng: these techniaues arrL„ .T ^ 

average skill in the art. and ar also illustrated infra. techniques are known to those of 

As used herein, "epitope" refers to an antigenic determinant of a nnl^,r,or^♦•.^ 
compnse 3 amino acids in a spatial conformation which is "n.que to the en^tonJ ' r"""^ 
consists of at least 5 such amino acids, and more usually, cons sts 0 at teast 8 ,^^^ ' 
Methods Of determining the spatial conformation of amino ac^ds a^e knoln !n the an .''"7 
example, .-ray crystallography and 2-dimens.onal nuclear magne«c resonance ' ^"'^ 

A polypeptide is "immunologically reactive" with an antibody when it binds to an an«hnH h 
antibody recognition of a specific epitope contained within the polypeptide Immunolooic^^ r«^!f *° 
determined by antibody binding, more particularly by the kinetics of antibodrbTndin^^^^^^^^ 
in binding usmg as competitor(s) a known DolvDeotiti*.r<!» r.«„»=:„ „ "'naing. ana/or by competition 

is directed. The techniques for determ.lg whemt f ool^^^^^^^^ "^^'"'^ "''^^ 

antibody are known in the art. ^ Polypeptide ,s immunologically reactive with an 

hum:^a.rpor.':hrthe;Ton:^^^^^^^ s:^::rt:: : - '^-'^'^^^^^ ''^^ ^^'^^^ = --or 

The term "polypeptide- refers to'f^tyl^ T^:: rcX/ndTo:; n^e",:: to ITT^ 
product: thus, peptides, oligopeptides, and proteins are included wit'n "e dSn Jon or I' T °' 
term also does not refer to or exclude Dost-Bxnr«c*in„ , V f aefinition of polypeptide. This 

polypeptides containing one or more analoo^ nf 7 defnition are. for example. 

acids, etc. polypeptides with subs;rjed'^ ages S ot^^r mS JaT 'T^'" 

naturally occurring and non-naturally occurring modifications known m the art. both 

irresZreT-ir meTh^'i::t; ^he'Tn^er °" °' ^" ^"^^^^^"^ polynucleotide into a host cell, 
electroporation. The exog^ous poly'uclL "de ^^^^^^^ ^-'^-fO"- 'mating or 

a plasmid. or alterna«velj. may .T::^^::irCL7iZ^^^^ " ^ non-integrated vector, for example. 
Treatment- as used herein refers to prophylaxis and/or therapy 

andrcJetr;; nSlS^^^^^^^ ---'-^ Of the mammalian species. 

AS used herein the "senL ^lo^- ? '"'='"^*"9 ^"'"ans. 

homology to that o m?NA Te "aJtiTeo.. tr' T ^"''^ '^"^ ^"'"^"'^^ »^^» ^^''"^"ce 

the -sense strand- -"-sense strand" contains a sequence which is complementary to that of 

DNA^is^xrsTandVd'rrirwhrh"::'?^^^^ °: ^ r= - 3-°-- ^^a or 

viruses incluLToqavJ^da^ c^l^T o P°'yP«P«^«<s)- Examples of positive stranded RNA 

the Plaviviridae. ^^re f^^fy^^ also, ar 

whic^vr out::; hTirb^dTsT? '-r ^^^^^^ ^° ^ -por of'fi- .dividual, body 

and include but are not of interest. Antibody containing body components are known m the an 

sections Of the respiratory ttllt^ ''^"r '^'"P^ ^^-^^ 

myelomas. 'ntestmal. and genitourinary tracts, tears, saliva, milk, white blood cells, and 

consmuems wrth which Thf '° " P-Paration of HCV which has been isolated from the cellular 

presenun the n^^^^^^^^ Th' ? T""^"' associated, and from other types of viruses which may be 

■ncTude To LamT 'or isolating viruses are known to those of skill in the art an^ 

d"scussei [n'a ""^"'"^afon and affinity chromatography: a method of preparing purified HCV is 

.nt^IT^ '^'"^ ""^^ particles" as used herein include entire virion as well as panicles which 

ihiTcv nr.c :r "^^'^^^ ^^-^^^"^ ^^^^ - protect™ w-;h 

seouln^^ T^'"' ""^ '^"^ *° ^ polynucleotide which forms a hybrid structure w„h a 

in me tarol, .V'^'Vk'^""- '° ""P' """"'^^'^ °' '""^ P^°Oe with a sequence 

o S^Tme ^1°"^' ' complementary to sequence(s, used 

ID prime the polymerase chain reaction. 

As used herein, the term "target region" refers to a reg.on of the nucleic acid wn.ch ,s to be amplified 
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and/or detected. 



w 



As used herein, the term "viral pma- ^ 

fragments .hereC. .anscl^t" Zt?Z-:Tl "t'" "'^ "'"^ '° '^^^ 9— 

As used herein, a -biological samoie- " sequences denveo therefrom, 
including but not limited to. for examole r.ZZ^ a sample of t.ssue or fluid isolated from an individual 
the Skin, respiratory, .ntestinal. and genL ,na7v .rlJ^T '^-P^ ""'d- the externa, sections of 

also samples of in vitro cell culture conSrn;' T^h .' ^ ^^^^ °^9^"s. and 

from the growth of ^s in cell culture mediZ ""f ""^'"^ ""t not limited to conditioned medium resulting 
components). ^ P^'^tively virally infected cells, recombinant cells and ceM 
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The practice of the present invention will emninw 

'S of molecular biology, microbiology recombTnam7,MA'' "^^"^"^ =°"-entional techniques 

Such techniques are explained hilly in the ZItur« 'mmunology. which are within the skill of the an. 

CLONING; A LABORATORY MANUAL nlp^v n^T^ P"SCh & Sambrook. MOLECULAR 

OLIGONUCLEOTIDE SYNTHES^S^J g!^ ed ^oL^^.'"^' ' " ^'^^^^ ^985): 

S J. Higgins eds. 1984): TRANSC^PTlON AND TSSsrA^n!."'«'''''° "^^"'^'^^'ON (B.D. Hames I 

» ANIMAL CELL CULTURE <R I Fr^Ih„l J? « "^'"^s & S.J. Higgins eds. 1984) 

1986); B. Perbal. A PRAC^^C^al GU,o| ^ MO^CUt^f ^i'^'^ "^''^ ^'^^^^^^ 
EN2YMOLOGY (Academ.c Press Inc r GENp ?^?,c^^ ^^<^^'^^ <'984); the series. METHODS IN 
Miller and M P. Calos eds 1987 Co h ^^'^.^ 7"^NSFER VECTORS FOR MAMMALIAN CELLS (J H 
155 (Wu and Grossman, and Wu 1° ,1'"!"^ . En^yniology Vol. 1 54 and Vol. 
5 METHODS IN CELL AND MOLECUliR B.OLOr^' a "^^UNOCHEMICAL 
PURIFICATION: PRINCIPLES AND F^ArT^>?T^ (Academic Press. London). Scopes. (1987). PROTEIN 
OF EXPERIMENTAL IMMUNOLOGY VOLUMES /S M °" ^^^I^^-""^''^^' ^.Y.). and HANDBOOK 
patent applications, and publications men^^^fhi;^^ ^ i^i.^" ^ ^'^'^ P^^«"t=- 

by reference. ment.oned herem. both supra and .nfra. are hereby incorporate here.n 

famii'y'of^nu^oTdriquen^^^^^^ f"!? cDnaTh ''^ the provision oJ a 

cDNA librar ies were derived , 0^^^ ^ ^d l« '"""^ sequences. These 

Chimpanzee. The constructioTo oTe of i^LTk *" "'^ P'^-^a of an HCV-infected 

EPO Pub. NO. 318.216 sS^eral L the 1!^^! J'^' "'^ ' "''"^ ^394). was reported in 
"c" library. Although othrdonis ^e^n S h«^^^^^ 

presence of clones contain.ng me sepu^n"^ 'nZ -^rj "CV cDNA libraries, the 
No. 318.216. the family of HcJ cDNr^!! ^ '^'^ '"^^ confirmed. As discussed in EPO Pub. 

ch.mpanzeeorig,n.andsholnnign?fSnt SZ^%"°^''*' °' - 

The availability of the HCV cS^^l^^^lT sequences contained within the HBV genome. 
wh,ch are reagents usefu! for detert^ vtai ^ ►^re.n permrts the construction of polynucleotide probes 
For example, from the sequences^ is Zl^l^^T ' '"^'^'f^'^' '"'^'"'^'"S «^°"^»«<^ 

larger, which are useful arhySdLat.on foL f^"*^"'" ""S"'"^" °' about 8-10 nucleotides, or 
donated blood, sera of subic^sTs^rd o ht^^^^ °T* °' """^ «'^-"^P'«- 

is replicating. ,n addition. ^^00^;^"'^^^^ IZ'^'T '^"^"^ 

polypeptides which are useful as diagnostic "aoents for ® Production of HCV specific 

infection. Antibodies to purified polypep'd^ deriv^ f 1 ITdn:" '^"^ "^"""9 

antigens in biological samples IJu^noflT^Tr,^ T "^^V 3'=° ^ "sed to detect v.ral 

NANBH. and in tissue TJJure sy^Sms tLinrr^?, ''"^ ""^ '^^ P««*«"ts with 

polypeptides disclosed here.n.lh?cra:e%roldrpo':^^^^^^^ ;~f "c V^^ N a ^ ''""T^^"'^ 

^::s:'i:tur°i~:^^^^^^^^^^^^ - a^v^^^^^^ 

EPO Pub No 318 216 H,T . overlapping sequences. As indicated infra, and in 

The HCV CDNA sequences provided herein, tne polypeptides derived from these sequences, and the 
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.mmunogen.c polypeptides descr.bed herein, as'well as antibodies directed agamst these polypeptides are 
also useful .n the .solalion and identification of the blood-borne NA8V (QB-NANBV) ageni(s). For example 
aniibod.es directed agamsl HCV epitopes contained in polypeptides derived from the cDNAs may be used 
m processes based upon affinity chromatography to isolate the virus. Alternatively, the antibodies may be 
used to Identify v.ral particles isolated by other techniques. The viral antigens and the genomic maiertal 
w.th.n the .solated vral panicles may then be further characterized. 

In addition to the above, the information provided infra allows the identification of additional HCV strains 
or isolates. The isolation and characterization of the additional HCV strams or isolates may be accomplished 
""nM^^r^ "^"^ ^'^'^y components which contain viral particles and/or viral RNA creatinq 

CUNA hbranes using polynucleotide probes based on the HCV cDNA probes descr.bed infra., screen.nq the 
l.branes for clones containing HCV cDNA sequences described infra., and comparing the HCV cDNAs from ^ 
the new isolates with the cDNAs described infra. The polypeptides encoded therein, or in the viral genome 
may be monitored for .mmunological cross-reactivily utilizing the polypeptides and antibodies described 
supra. Strains or isolates which fit within the parameters of HCV. as described in the Definitions section 
supra., are read.ly .dent.f.able. Other methods for identifying HCV strains wili be obvious to those of skill in 
the art. based upon the information provided herein. 



Isolation of the HCV cDNA Sequences 

The novel HCV cDNA sequences described infra, extend the sequence of the cONA to the HCV 
^""^^ 318.216. The sequences which are present in clones b114a. 18q. ag30a 
CA205a. CA290a. CA2l6a. pit4a. CAl67b. CA156e. CA84a. and CA59a lie upstream of the refK.rted 
sequence, and when compiled, yield nucleotides nos. -319 to 1348 of the composite HCV cDNA sequence 
(The negative number on a nucleotide indicates its distance upstream of the nucleotide which starts the 
putative initiator MET codon.) The sequences which are present in clones bSa and t6jh lie downstream of 
the reported sequence, and yield nucleotides nos. 8659 to 8866 of the composite sequence. The composite 
HCV cONA sequence which includes the sequences in the aforementioned clones, is shown in Fig. 17. 

The novel HCV cONAs described herein were isolated from a number of HCV cDNA libraries, including 
the "c- library present in lambda gtn (ATCC No. 40394). The HCV cDNA libraries were constructed using 
pooled serum from a chimpanzee with chronic HCV infection and containing a high liter of the virus, i.e at 
least 10^ ch.mp infectious doses/ml (CID/ml). The pooled serum was used to isolate viral particles: nucleic 
acids isolated from these particles was used as the tennplate in the construe lion of cONA libraries to the 
viral genome. The procedures for isolation of putative HCV particles and for constructing the "c" HCVcONA 
library is described in EPO Pub. No. 318.216. Other methods for constructing HCV cDNA libraries are 
known in the art. and some of these, methods are described infra., in the Examples. Isolation of the 
sequences was by screening the libraries using synthetic polynucleotide probes, the sequences of which 
were derived from the 5 -region and the 3'-region of the known HCV cDNA sequence. The description of 
the method to relrive the cDNa sequences is mostly of historical interest. The resultant sequences {and 
their complements) are provided herein, and the sequences, or any portion thereof, could be prepared 
using synthetic methods, or by a combination of synthetic methods with retrieval of partial sequences using 
methods similar to those described herein. 



Preparation of Viral Polypeptides and Fragments 



The availability of HCV cDNA sequences, or nucleotide sequences derived therefrom (including 
segments and modifications of the sequence), permits the construction of expression vectors encoding 
antigenically active regions of the polypeptide encoded in either strand. These antigenically active regions 
may be derived from coat or envelope antigens or from core antigens, or from antigens which are non- 
structural including, for example, polynucleotide binding proteins, polynucleotide polymerase(s). and other 
viral proteins required for the replication and/or assembly of the virus particle. Fragments encoding the 
desired polypeptides are derived from the cDNA clones using conventional restriction digestion or by 
synthetic methods, and are ligated into vectors which may, for example, contain portions of fusion 
sequences such as beta-galactosidase or superoxide dismutase (SOD), preferably SOD. Methods and 
vectors which are useful for the production of polypeptid s which contain fusion sequences o( SOD are 
described in European Patent OHice Publication number 0196056. published October l. 1986. Vectors for 
the expression of fusion polypeptides of SOD and HCV polypeptides encoded m a number of HCV cicnes 
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are described (nfra.. in the Examples. Any desired portion of the HCV cDNA containing an opon reading 
frame, in eMher sense sIronL/. can bo obtainoc* as 3 rocomhinant poiypopfido. juch as a maturo or fuaioo 

protein: alternatively, a polypeptide encoded in the cQNA can be provided by chenntcal synthesis. 

The DNA encoding the desired polypeptide, whether in fused or mature fornn. and whether or not 

5 containing a signal sequence to permit secretion, may be ligated into expression vectors suitable for any 
convenient host. Both eukaryotic and prokaryolic host systems are presently used in forming recombinant 
polypeptides, and a summary of some of the more common control systems and host cell lines is given 

^ infra. The polypeptide is then isolated from lysed cells or from the culture medium and purified to the extent 
needed for its intended use. Purification may be by techniques known in the art. for example, diflerential 

JO extraction, salt fractionation, chromatography on ion exchange resins, affinity chromatography, centrifuga- 
lion. and the like. See. for example. Methods in Enzymology for a variety of methods for purifying proteins. 
Such polypeptides can be used as diagnostics, or those which give rise to neutralizing antibodies may be 
formulated into vaccines. Antibodies raised against these polypeptides can also be used as diagnostics, or 
for passive immunotherapy. In addition, as discussed infra., antibodies to these polypeptides are useful for 

ts isolating and identifying HCV particles. 



Preparation of Antigenic Polypeptides and Coniugalion with Carrier 



20 An antigenic region of a polypeptide is generally relatively small— typically 8 to 10 amino acids or less 

in length. Fragments of as few as 5 amino acids may characterize an antigenic region. These segments 
may correspond to regions of HCV antigen. Accordingly, using the cDNAs of HCV as a basis. ONAs 
encoding short segments of HCV polypeptides can be expressed recombinanlly either as fusion proteins, or 
as isolated polypeptides. In addition, short amino acid sequences can be conveniently obtained by chemical 
25 synthesis. In instances wherein the synthesized polypeptide is correctly configured so as to provide the 
correct epitope, but is too small to be immunogenic, the polypeptide may be linked to a suitable carrier. 

A number of techniques for obtaining such linkage are known in the art. including the formation of 
disulfide linkages using N-succinimidyl-3-(2-pyridylthio)propionate (SPOP) and succinimidyl 4-(N-mal- 
eimidomethyl)cyclohexane-l-carboxylate (SMCC) obtained from Pierce Company, Rockford. Illinois, (if- the 
3o peptide lacks a sulfhydryl group, this can be provided by addition of a cysteine residue.) These reagents 
create a disulfide linkage between themselves and peptide cysteine residues on one protein and an amide 
linkage through the epsilon-amino on a lysine, or other free amino group in the other. A variety of such 
disulfide/amide-forming agents are known. See. for example. Immun. Rev. (1982) 62:1,85, Other bifunctional 
coupling agents form a thioelher rather than a disulfide linkage. Many of these thio-ether-forming agents are 
35 commercially available and include reactive esters of 6-maleimidocaproic acid, 2-bromoacetic acid, 2- 
iodoacetic acid. 4-(N-maleimidomethyl)cyclohexane-1-carboxylic acid, and the tike. The carboxyl groups can 
be activated by combining them with succinimide or t-hydroxyl-2-nitro-4-sulfQnic acid, sodium, salt. 
Additional methods of coupling antigens employs the rotavirus/^binding peptide" system described in EPO 
Pub. No. 259.149. the disclosure of which is incorporated herein by reference. The foregoing list is not 
40 meant to be exhaustive, and modifications of the named compounds can clearly be used. 

Any carrier may be used which does not itself induce the production of antibodies harmful to the host. 
Suitable carriers are typically large, slowly metabolized macromolecules such as proteins; polysaccharides, 
such as latex functionalized sepharose, agarose, cellulose, cellulose beads and the like: polymeric ammo 
acids, such as potyglutamic acid, polylysine, and the like; amino acid copolymers: and inactive virus 
45 particles. Especially useful protein substrates are serum albumins, keyhole limpet hemocyanin. im- 
munoglobulin molecules, thyroglobulin. ovalbumin, tetanus toxoid, and other proteins well known to those 
skilled in the art. 

In addition to full-length viral proteins, polypeptides comprising truncated HCV amino acid sequences 
encoding at least one viral epitope are useful immunological reagents. For example, polypeptides compris- 

50 ing such truncated sequences can be used as reagents in an immunoassay. These polypeptides also are 
candidate subunit antigens in compositions for antiserum production or vaccines. While these truncated 
sequences can be produced by various known treatments of native viral protein, it is generally preferred to 
make synthetic or recombinant polypeptides comprising an HCV sequence. Polypeptides comprising these 
truncated HCV sequences can be made up entirely of HCV sequences (one or more epitopes, either 

55 contiguous or noncontiguous), or HCV sequences and heterologous sequences in a fusion protein. Useful 
heterologous sequences include sequences that provide for secretion from a recombinant host, enhance the 
immunological reactivity of the HCV epitope(s). or facilitate the coupling of the polypeptide to an 
tmmunoassay support or a vaccine carrier. See. e.g.. EPO Pub. No. 116.201: U.S. Pat. No. 4.722.840: EPO 
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^""^Tho'.ifr'ni*!.' y^^' "^-SSS.^Sa. the disclosures of which are .ncorporated herein by reference 

be-nq a sequence oTsT" ""^^^'^'"9 '^^ '-""'^^ ^^CV sequences can vary w,dely. .he r.,n,rr,um sue 
Demg a sequence o( sufficient size to provide an HCV epitope, while the maximum size is not critical For 
HrvTnr.nno. .nwT'''"'"'" '"^ ''"^^"^ ^"bslanlially greater than .hat required .0 provide the desired 

sequence w anqeTo"'? °' " ^VP'""v. "^^ truncated HCV ar^ino a.d 

eauence w be fml ^ '° ""''"^ '^"^ih. More typica.ly. however, the HCV 

c ?. ' "'^.'^"^^"^ °' about 50 ammo acids in length, preferably a maximum of about 30 ammo 

m?xL U TT\ on"'"'" '° "^^^ ^^^"^"^^^ °' ^' >2 or ,5 amino acids up7a 

maximum of about 20 or 25 amino acids. ^ 

axaJnir^hf ^^^"^ "^'"^ sequences comprising epitopes can be identified in a number of ways For' 

fooeThlr", 1^'' ^« ^-^^^^"^-^ P'^P^""9 a ^^^'^ 01 Short peptides" . ha 

togethe span the entire protein sequence. An example of antigenic screening of tf,e regions of the HCV 
polyprotein ,s shown infra. In addition, by starting with, for example. .OOmer polypeptides, it would be 
routine to test each polypeptide lor the presence of epitope(s) showing a desired reactivity, and then testino 
progressively smaller and overlapping fragments from an identified 1 0Omer to map the epitope of interest 
Screening such peptides in an immunoassay is within the skill of the art. II is also known to carry out a 
computer analysis of a protein sequence to identify potential epitopes, and then prepare oligopeptides 
comprising the identified regions for screening. Such a computer analysis of the HCV amino acid sequence 
IS shown in Fig. 20. where the hydrophilic/hydrophobic character is displayed above the antigen index The 
amino acds are nurnbered from the starting MET (position I) as shown in Fig. 17. It is appreciated by those 
01 sk I ,n the art that such computer analysis of antigenicity does not always identify an epitope that 
? uSw ^ ^"'^ '"'^°"«'^"y identity a region of the protein as containing an epitope. Examples 

o HCV ammo acid sequences that may be useful, which are expressed from expression vectors comprised 
of clones 5-1-1. 81. CA74a. 3Sf. 279a. C36. C33b. CA2gOa. C8f. C12I. t4c. I5e. C2Sc. C33c. C33f 33g 
C39C. C40b. CA167b are described infra. Other examples of HCV amino acid sequences that may be useful 
as described herein are set forth below. It is to be understood that these peptides do not necessarily 
precisely map one epitope, and may also contain HCV sequence that is not immunogenic. These non- 
immunogenic portions of the sequence can be defined as described above using conventional techniques 
and deleted from the described sequences. Further, additional truncated HCV amino acid sequences that 
compnse an epitope or are immunogenic can be identified, as. described ab(w».. The following sequences 
are given -by ammo aoO number (i.e.. "AAn") where n is the amino acid number as shown in Fig 17- 
AAf-AA2S: AA1-AA50: AA1.AA84: AA9-AA177: AAI-AA10: AA5-AA20: AA20-AA25: AA35-AA45- AA50- 
AA100: AA40-AA90: AA45-AA65; AA65-AA75: AA80-90: AA99-AA120: AA95-AAtlO: AA10S-AA120- AA10G- 
AAtSO: AA150-AA200: AA155-AA170: AA190-AA210; AA200-AA250: AA22D-AA240: AA245-AA265- AA2S0- 
AA300: AA290-AA330: AA290-305: AA300-AA350: AA310-AA330; AA350-AA4OO: AA3aO-AA395- AA405- 
AA495: AA400-AA450: AA405-AA41S: AA41S-AA425: AA425-AA435: AA437-AA582: AA450-AA500- AA440- 
AA46q: AA460-AA470: AA475-AA49S; AA500-AAS50: AASn-AA690; AA515-AA550: AA550-AA600: AAS50- 
AA62S: AA575-AA60S: AA585-AASOC: AA600-AA6SO: AA600-AA62S: AA635-AA665: AA65O-AA70O- AA645- 
AA680: AA70Q-AA750: AA700-AA725: AA700-AA750: AA725-AA775: AA770-AA790; AA750-AA800: AABOO- 
AABIS: AA825-AAB50; AA850-AAa75: AA800-AA850: AA920-AA990: AA850-AA900: AA920-AA945: AA940- 
AA96S: AA970-AA990. AA950-AA1000: AA1000-AA1060; AA1000-AA1025; AA1000-AA1050- AA1025- 
AA104O; AA1O4O-AA1055: AA1075-AA1175: AA1050-AA1200; AA1070-AA1 100: AAMOO-AA1 130: AAn40- 
AA1165: AA1192-AA1457: AAn95-AA1250: AA1200-AA1225: AA1225-AA1250: AA1250-AA1300: AA1260- 
AA1310: AA1260-AA1260: AA1266-AA1428: AA1300-AA135O: AA1290-AA1310; AA1310-AA1340; AA1345- 
AA1405: AA1345-AA1365: AA13S0-AA1400: AA1365-AA1380: AA1380-AA1405: AA14O0-AAU50: AA1450- 
AA1500: AA1460-AA1475; AAI475-AA151 5: AA1475-AA150O: AA1500-AA1550: AA1500-AA1515: AA1515- 
AA1550: AA155G-AA1600: AA154S-AA15B0: AA1569-AA1931: AA1S70-AA1590: AA1S95-AA1610: AA1590- 
AAJ650: AA1610-AA1645: AA1650-AA1690: AA16a5-AA1770; AA1689-AA1805: AA1690-AA1720: AA1694- 
AA1735; AA1720-AA1745: AA1745-AA1770: AA1 750- AA 1800; AA177S-AAiaiO: AA1795-AA1850; AA1850- 
AA1900: AA1900-AA1950: AA1900-AA1920: AA1916-AA2021: AA1920-AA194O: AA1949-AA2124; AA1950- 
AA2000: AA1950-AA1985: AA1 980-AA2000: AA2000-AA2050: AA2005-AA2025: AA2020-AA2045; AA2045- 
AA2100: AA204S-AA2070: AA2054-AA2223: AA2070- AA2 1 00: AA2100-AA2150: AA2150-AA2200: AA2200- 
AA2250: AA2200-AA2325; AA2250-AA2330: AA2255-AA2270: AA2265-AA2280: AA2280-AA2290: AA2287- 
AA23a5: AA2300-AA2350: AA2290-AA2310: AA2310-AA2330: AA2330-AA2350: AA2350-AA2400; AA2348- 
AA2464. AA2345-AA2415: AA2345-AA2375: AA2370-AA2410; AA2371-AA2502: AA2400-AA24SO: AA2400- 
AA2425; AA24 . 5-AA2450: AA2445-AA2500; AA2445-AA2475: AA2470-AA2490: AA2500-AA2SSO; AA2505- 
AA2540. AA2535-AA2560: AA2550-AA2600; AA2560-AA2580: AA2600-AA2650: AA2S0S-AA2620: AA2620- 
AA2O50 AA?540-AA2560. A.A2650-AA2700: AA2655-AA2670: AA2670-AA2700. AA2700 AA2750. AA2740- 
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AA2760; AA2750-AA2800: AA2755-AA2780: AA2780-AA2'830: AA2785-AA2810- AA2796-AA2886- AA;.R,n 

HCV sequenc 3 are described in ,he exampti POlypept.des compnsing truncated 

The observed relationship of the putative DOlvDroteins nf wrv =r,H c. 

r::sr,rr-rs:;— ^^^^^^ 

detection, and vaccines. .mmunolog.cal reagents wt,ich can be used for diagnosis. 

herera°n;' o,7,ar.tT^^^^^^ °' ^CV isolate described 

structural regions- whi^rare Awards N t ''"''T'^- "^"^'^ ^'"^"^'^ P"t^tive 

sequence. ?nd in add^ Z me hvdroohoS"'" n , k " " divergence in 

"divergence" begins in the Vteli^^ °^ ,T °'. '"^ ^^'""'^ =*'""3rity. This 

presumed N-te^inus Neveri^ereTs ? mT^t ?M '"'^r ^'^^^'^'^^ »° 

putative nucleocaosid fN tlZ^i? k ^ ^^^'^ '° P^e**'"- *e approximate locations of th 

polyprotein nTe'L^ptesT^^^^^ '^"""^^"^ hydrophob.c) dorr,ains w.thin the HCV 

these predictions it may be oosLte 7n charaaer of the flaviviral proteins. From 

correspond with usefuMmmuno^Sfc^. °Ja!T ."^"^ ""T °' PCyprotein that could 

known to have efficacy Ts Dr^^^! ^ 1°' ^''^'"P'^' '''^ ^ °' Flaviviruses are 

antigenic in the HcTi^o^te diSS^^^^^^^^ «° 
Should also provide diL?,^o2ic^eaa^?/S^^^ TT ^ ^S^' ^"'^ ^SS. etc.. 

Plgparation of Hybrid Particle Immunogens Contajning HCV Epitopes 

yeas^s^lTersTu^e^'Xr'^L^'lr^^ ^"'"""'^ ''-''-"9 mammalian or 

w..h hepat,tis B suiranLTco?^^^^^^^^^ Part.c.e-form.ng proteir,s such as. for example, that associated 
»orm.n9 protein cod^g seoSnce? rfnH TT'" ^^^^'V '° P^^icle- 

ep..opl. ,n addition. L7of me ve^Srs "^^^^^^^^^ immunogenic with respect to the HCV 

acds Of the presurface (pris) rein n! ^Pi^oPe of HBSAg. comprising the 55 amino 

expressible m ' east a e jisS^L !n EPO m VlT' ''""^^""^ °' pre-S-HBSAg panicle 

gous viral sequences for yeasrexorr.Jr . .' ''"""^"^ ""^'^^ '^^^^ ^V^"'*^ *"='"^*"9 ►'«terolo- 

constructs may a.s^be expre«2^ f ^^^^ ^6. -.966. These 

SV^O^ihydrofLate redlcr:r^oMMi™ " ^^^^ an 

enc^Lrar^Cv'r^ril'l^is^^r""'"^ ^^"^^ -V be replaced with codons 

.He un,ts to form immu^ogel^ 'T""" ^^''"'^^ *° aggregation of 

unogenic particles m yeast or mammals can be deleted, thus eliminating additional 
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HBV antigenic sites from competition with the HCV epitope. 
Prep aration of Vaccines 

5 

Vaccines may be prepared from one or more immunogenic polypeptides derived from HCV cDNA. 
including the cDNA sequences described in the Examples. The observed homology between HCV and" 
Flaviviruses provides information concerning the polypeptides which may be most effective as vaccines, as 
well as the regions of the genome in which they are encoded. The general structure of the Flavivirus 

JO genome is discussed in Rice et al <19B6). The flavivirus genomic RNA is believed to be the only virus- 
specific mRNA species, and it is translated into the three viral structural proteins, i.e.. C. M. and E, as well 
as two targe nonstructural proteins. NS4 and NS5. and a complex set of smaller nonstructural proteins. It is 
known that major neutralizing epitopes for Flaviviruses reside in the E (envelope) protein (Roehrig (1986)). 
Thus, vaccines may be comprised of recombinant polypeptides containing epitopes of HCV E. These 

rs polypeptides may be expressed in bacteria, yeast, or mammalian cells, or alternatively may be isolated 
from viral preparations. It is also anticipated that the other structural proteins may also contain epitopes 
which give rise to protective anti-HCV antibodies. Thus, polypeptides containing the epitopes of E. C. and M 
may also be used, whether singly or in combination, in HCV vaccines. 

In addition to the above, it has been shown that immunization with NSl (nonstructural protein 1), results 

20 in protection against yellow fever (Schlesinger et al (1986)). This is true even though the immunization does 
not give rise to neutralizing antibodies. Thus, particularly since this protein appears to t>e highly conserved 
among Flaviviruses, it is likely that HCV NSl will also be protective against HCV infection. Moreover, it also 
shows that nonstructural proteins may provide protection against viral pathogenicity, even if they do not 
cause the production of neutralizing antibodies. 

25 The information provided in the Examples concerning the immunogenicity of the polypeptides ex- 

pressed from cloned HCV cDNAs which span the various regions of the HCV ORF also allows predictions 
concerning their use in vaccines. 

In view of the above, multivalent vaccines against HCV may be comprised of one or nriore epitopes 
from one or more structural proteins, and/or one or more epitopes from one or more nonstructural proteins. 

JO These vaccines may be comprised of, for example, recombinant HCV polypeptides and/or polypepttd s 
isolated from the virions. In particular, vaccines are contemplated comprising one or more of the following 
HCV proteins, or subunit antigens derived therefrom: E. NSl. C, NS2, NS3. NS4 and NS5- Particularly 
preferred are vaccines comprising E and/or NSl . or subunits thereof. 

The preparation of vaccines which contain an immunogenic polypeptide(s) as active ingredients, is 

35 known to one skilled in the art. Typically, such vaccines are prepared as injectables. either as liquid 
solutions or suspensions: solid forms suitable for solution in. or suspension in. liquid prior to injection may 
also be prepared. The preparation may also be emulsified, or the protein encapsulated in liposomes. The 
active immunogenic ingredients are often mixed with excipients which are pharmaceutically acceptable and 
compatible with the active ingredient. Suitable excipients are. for example, water, saline, dextrose, glycerol. 

40 ethanol. or the like and combinations thereof. In addition, if desired, the vaccine may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents. pH buffering agents, and/or adjuvants which 
enhance the effectiveness of the vaccine. Examples of adjuvants which may be effective include but are not 
limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isogtutamine (thr-MDP). N-acetyi-nor- 
muramyl-L-alanyl-D-isoglutamine (CGP 11637. referred to as nor-MDP). N-acetylmuramyi-L-alanyl-D- 

45 isoglutaminyl-L-aianine-2-(1 -2 -dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A. 
referred to as MTP-PE), and RIBI, whtch contains three components extracted from bacteria, mon- 
ophosphoryl lipid A, trehalose dimycolate and cell wall skeleton (MPL-»-TDM + CWS) in a 2% 
squalene/Tween 80 emulsion. The effectiveness of an adjuvant may be determined by measuring the 
amount of antibodies directed against an immunogenic polypeptide containing an HCV antigenic sequence 

50 resulting from administration of this polypeptide in vaccines which are also comprised of the various 
adjuvants. 

The vaccines are conventionally administered parenterally, by injection, for example, either sub- 
cuianeouuly or intramuscularly. Additional formulations whtch are suitable for other modes of aoministration 
include suppositories and. in some cases, oral formulations. For suppositones. traditional binders and 
55 carriers may include, for example, polyalkylene glycols or triglycerides; such suppositories may be formed 
h-om mixtures containing the active ingredient in the range of 0.5% to 10%. preferably 1%-2%. Oral 
formulations include such normally employed excipients as. for example, pharmaceutical grades of 
mannitol. lactose, starch, magnesium stearate. sodium saccharine, cellulose, magnesium carbonate. ar>d the 
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like. These compositions take ttie form of solutions, suspensions, tablets, pills, capsules, sustained release 
formulations or powders and contain lOVo-QS^/o of active ingredient, preferably 25%-70%. 

The proteins may be formulated into the vaccine as neutral or salt forms. Pharmaceutically acceptable 
salts include the acid addition salts (fomned with free amino groups of the peptide) and which are formed 
s with inorganic acids such as. for example, hydrochloric or phosphoric acids; or such organic acids such as 
acetic, oxalic, tartaric, maleic. and the like. Salts formed with the free carboxyl groups may also be denved 
from ir>organic bases such as. for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 
and such organic bases as isopropylamine. trimethylamine. 2-ethyiamtno ethanot. histidine. procaine, and 
the like. 

10 

Dosage and Administration of Vaccines 

The vaccines are administered in a manner compatible with the dosage formulation, and in such 
75 amount as will be prophylactically and/or therapeutically effective. The quantity to be administered, which is 
generally in the range of 5 micrograms to 250 micrograms of antigen per dose, depends on the subject to 
be treated, capacity of the subject's immune system to synthesize antit>odies. and the degree of protection 
desired. Precise amounts of active ingredient required to be administered may depend on the judgment of 
the practitioner and may be peculiar to each subject. 
20 The vaccine may be given in a single dose schedule, or preferably in a multiple dose schedule. A 
multiple dose schedule is one in which a primary course of vaccination may be with 1-10 separate doses, 
followed by other doses given at subsequent time intervals required to maintain and or reenforce the 
immune response, for example, at 1-4 months for a second dose, and if needed, a subsequent dose(s) aft r 
several months. The dosage regimen will also, at least in part, be determined by the need of the individual 
25 and be dependent upon the judgment of the practitioner. 

In addition, the vaccine containing the immunogenic HCV antigen(s) may be administered in conjunction 
with other immunoregulatory agents, for example, immune globulins. 

30 Preparation of Antibodies Against HCV Epitopes 



The immunogenic polypeptides prepared as described above are used to produce antibodies, both 

polyclonal and monoclonal. If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit. 

goat, horse, etc.) is immunized with an immunogenic polypeptide bearing an HCV epitope<s). Serum from 
35 the immunized animal is collected and treated according to known procedures. If serum containing 

polyclonal antibodies to an HCV epitope contains antibodies to other antigens, the polyclonal antibodies can 

be purified by immunoaffinity chromatography. Techniques tor producing and processing polyclonal 

antisera are known in the art. see for example. Mayer and Walker (1987). 

Alternatively, polyclonal antibodies may be isolated from a mammal which has been previously infected 
40 with HCV. An example of a method for purifying antibodies to HCV epitopes from serum from an infected 

individual, based upon affinity chromatography and utilizing a fusion polypeptide of SOD and a polypeptide 

encoded within cDNA clone 5-1-1. is presented in EPO Pub. No. 318.216. 

Monoclonal antibodies directed against HCV epitopes can also be readily produced by one skilled in 

the art. The general methodology for making monoclonal antibodies by hybridomas is well known. Immortal 
45 antibody-producing cell lines can be created by cell fusion, and also by other techniques such as direct 

transformation of B lymphocytes with oncogenic DNA. or transfection with Epstein-Barr virus. See. e.g.. M. 

Schreier et at. (1980); Hammeriing et al. (1981); Kennett et al. (1980); see also. U.S. Patent Nos. 4.341.761; 

4.399.121; 4.427.783; 4.444,887; 4.466,917; 4.472.500; 4,491.532; and"4';493.890. Panels of monoclonal 

antibodies produced against HCV epitopes can be screened for various properties; i.e.. tor isotype, epitope 
so affinity, etc. 

Antibodies, both monoclonal and polyclonal, which are directed against HCV epitopes are particularly 
useful in diagnosis, and those which are neutralizing are useful in passive immunotherapy. Monoclonal 
antibodies, in particular, may used to raise anti-idiotype antibodies. 

Anti-idiotype antibodies are immunoglobulins which carry an "internal image" of the antigen of the 
55 infectious agent against which protection is desired. See. for example, Nisonoff. A., et al. (1981) and 
Dreesman et al. (1985). 

Techniques for raising anti-idiotype antibodies are known in the art. See, for example. Grzych (1985). 
MacNamara et al. (1984). and Uytdehaag et al. (1985). These anti-idiotype antibodies may also be useful for 
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treatment and/or diagnosis of NANBH. as well as for an elucidation of the immunogenic regions of HCV 
antigens. 

It would also be recognized by one of ordinary skill m the art that a variety of types of antibodies 
directed against HCV epitopes may be produced. As used herein, the term "antibody" refers to a 
5 polypeptide or group of polypeptid s which are comprised of at least one antibody combining site. An 
"antibody combining site" or "binding domain" is formed from the folding of variable domains of an 
antibody molecute(s) to form three-dimensional binding spaces with an internal surface shape and charge 
cJistribution complementary to the features of an epitope of an antigen, which allows an immunological 
reaction with the antigen. An antibody combining site may be formed from a heavy and/or a light chain 
ro domain (VH and VL. respectively), which form hypervanable loops which contribute to antigen binding. The 
term "antibody" includes, for example, vertebrate antibodies, hybrid antibodies, chimeric antibodies, altered 
antibodies, univalent antibodies, the Fab proteins, and single domain antibodies. 

A •'single domain antibody" (dAb) is an antibody which is comprised of an VH domain, which reacts 
immunologically with a designated antigen, A dAB does not contain a VL domain, but may contain other 
IS antigen binding domains known to exist in antibodies, for example, the kappa and lambda domains. 
Methods for preparing dABs are known in the art. See. for example. Ward et al. (1989). 

Antibodies may also be comprised of VH and VL domains, as well as other known antigen binding 
domains. Examples of these types of antibodies and methods for their preparation are known in the art (see. 
e.g.. U.S. Patent No. 4.816.467. which is incorporated herein by reference), and include the following. For 

20 example, "vertebrate antibodies" refers to antibodies which are tetramers or aggregates thereof, comprising 
light and heavy chains which are usually aggregated in a "Y" configuration and which may or may not have 
covalent linkages between the chains. In vertebrate antibodies, the amino acid sequences of alt the chains 
of a particular antibody are homologous with the chains found in one antibody produced by the lymphocyte 
which produces that ant.body in situ, or in vitro (for example, in hybndomas). Vertebrate antibodies 

25 typicalMy include native antibodies, for example, purified polyclonal antibodies and monoclonal antibodies. 
Examples of the methods for the preparation of these antibodies are described infra. 

"Hybrid antibodies" are antibodies wherein one pair of heavy and light chains is homologous to those in 
a first antibody, while the other pair of heavy and light chains is homologous to those in a different second 
antibody. Typically, each of these two pairs will bind different epitopes, particularly on different antigens. 

30 This results in the property of "divalence". i.e.. the ability to bind two antigens simultaneously. Such hybrids 
may also be formed using chimeric chains, as set forth below. 

"Chimenc antibodies", are antibodies in which the heavy and/or light chains are fusion proteins. 
Typically the constant domain of the chains is from one particular species and/or class, and the variable 
domains are from a different species and/or class. Also included is any antibody in which either or both of 

as the heavy or light chains are composed of combinations of sequences mimicking the sequences in 
antibodies of different sources, whether these sources be differing classes, or different species of origin, 
and whether or not the fusion point is at the variable/constant boundary. Thus, it is possible to produce 
antibodies in which neither the constant nor the variable region mimic known antibody sequences. It then 
becomes possible, for example, to construct antibodies whose variable region has a higher specific affinity 

^ for a particular antigen, or whose constant region can elicit enhanced complement fixation, or to make other 
improvements in properties possessed by a particular constant region. 

Another example is "altered antibodies", which refers to antibodies in which the naturally occurnng 
amino acid sequence in a vertebrate antibody has been varied. Utilizing recombinant DNA techniques, 
antibodies can be redesigned to obtain desired characteristics. The possible variations are many, and rang 

^5 from the changing of one or more amino acids to the complete redesign of a region, for example, the 
constant region. Changes in the constant region, in general, to attain desired cellular process characteris- 
tics, e.g.. changes in complement fixation, interaction with membranes, and other effector functions- 
Changes in the variable region may be made to alter antigen binding characeristics. The antibody may also 
be engineered to aid the specific delivery of a molecule or substance to a specific cell or tissue site. The 

50 desired alterations may be made by known techniques in molecular biology, e.g.. recombinant techniques, 
site directed mutagenesis, etc. 

Yet another example are "univalent antibodies".* which are aggregates comprised of a heavy chain/light 
Cham dimer bound to the Fc (i.e., constant) region of a second heavy chain. This type of antibody escapes 
antigenic modulation. See. e.g.. Gtennie et ai. (1982). 

£5 Included also within the d tinition of antibodies are "Fab" fragments of antibodies. The "Fab" region 

refers to those portions of the heavy and light chains wnicn are roughly equivalent, or analogous, to the 
seauences which comprise the branch portion of the heavy and light chains, and which have been shown to 
exnibil immunological binding to a specified antigen, but wmcn lack the effector Fc portion . "Fab" includes 
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aggregates of one heavy and one light chain (cor- "-only known as Fab ). as well as tetramers containing 
ihc 2H and 2L chains (referred to as F(ab)2), wh. 3re capable of selectively reacting with a designated 
antigen or antigen family. "Fab" antibodies may divided into subsets analogous to those described 
above. I.e. "vertebrate Fab", "hybrid Fab**, "chimeric Fab", and "altered Fab". Methods of producing "Fab* 
fragments ol antibodies are known wiihin the art and include, for example, proteolysis, and synthesis by 
recombinant techniques. 



II. H. Diagnostic Oligonucleotide Probes and Kits 



to 



Using the disclosed portions of the isolated HCV cONAs as a basis, oligomers of approximately 8 
nucleotides or more can be prepared, either by excision or synthetically, which hybridize with the HCV 
genome and are useful in identification of the viral agent(s). further characterization of the viral genome(s). 
as well as in detection of the virus(es) in diseased individuals. The probes for HCV polynucleotides (natural 
IS or derived) are a length which allows the detection of unique viral sequences by hybridization. While 6-8 
nucleotides may be a workable length, sequences of 10-12 nucleotides are preferred, and about 20 
nucleotides appears optimal. Preferably, these sequences will derive from regions which lack heterogeneity. 
TtTese ptobes can be prepared using routine methods, including automated oligonucleotide synthetic 
methods. Among useful probes, for example, are those derived from the newly isolated clones disclosed 
20 herein, as well as the various oligomers useful in probing cDNA libraries, set forth iDeiow. A complement to 
any unique portion of the HCV genome will be satisfactory. For use as probes, complete complementarity is 
desirable, though it may be unnecessary as the length of the fragment is increased. 

For use oi such probes as diagnostics, the biological sample to be analyzed, such as blood or serum, 
may be treated, if desired, to extract the nucleic acids contained therein. The resulting nucleic acid from the 
25 sample may be subjected to gel electrophoresis or other size separation techniques; alternatively, the 
nucfeic acid sample may be dot blotted without size separation. The probes are then labeled. Suitably 
labels, and methods for labeling probes are known in the art. and include, for example, radioactive labels 
incorporated by nick translation or kinasing. biotin. fluorescent prot>es. and chemiluminescenl probes. The 
nucleic acids extracted from the sample are then treated with the labeled probe under hybridization 
JO conditions of suitable stringencies, and polynucleotide duplexes containing the probe are detected. , 

The probes can be made completely complementary to the HCV genome. Therefore, usually high 
stringency conditions are desirable in order to prevent false positives. However, conditions of high 
stringency should only be used if the probes are complementary to regions of the viral genome which lack 
heterogeneity. The stringency of hybridization is determined by a number of factors during hybridization 
35 and during the washing procedure, including temperature, ionic strength, length of time, and conceritration 
of formamide. These factors are outlined in. for example. Maniatis. T. (1982). 

Generally, it is expected that the HCV genome sequences will be present in serum of infected 
individuals at relatively low levels, i.e.. at approximately ICP-ICP chimp infectious doses (CiO) per ml. This 
level may require that amplification techniques be used in hybridization assays. Such techniques are known 
^ in the art. For example, the Enzo Biochemical Corporation "Bio-Bridge" system uses terminal deox- 
ynucleolide transferase to add unmodified 3'-poly-dT-tails to a DNA probe. The poly dT-tailed probe is 
hybridized to the target nucleotide sequence, and then to a biotin-modified poly-A. PCT application 
84/03520 and EPA124221 describe a ONA hybridization assay in whicfi: (1) analyte is annealed to a single- 
stranded DNA probe that is complementary to an enzyme-labeled oligonucleotide: and (2) the resulting 
45 tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridiza- 
tion assay in which analyte DNA is contacted with a probe that has a tail, such as a poly-dT tail, an 
amplifier strand that has a sequence that hybridizes to the tail of the probe, such as a poly-A sequence, and 
which is capable of binding a plurality of labeled strands. A particularly desirable technique may first involve 
amplification of the target HCV sequences in sera approximately 10.000 fold, i.e., to approximately 10^ 
50 sequences/ml. This may be accomplished, for example, by the polymerase chain reactions (PCR) technique 
described which is by Saiki et al, (1986). by Mullis. U.S. Patent No. 4.683.195. and by Mullis et al. U.S. 
Patent No. 4 683 202. The amplified sequence(s) may then be detected using a hybridization assay which is 
descnbed in EP 317.077. published May 24. 1989. These hybridization assays, which should delect 
sequences at the level of lO^/ml. utilize nucleic acid mult.mers which bind to single-stranded analyte 
55 nucleic acid and which also bind to a muU.pliaty of single-stranded labeled oligonucleotides. A suitable 
solution phase sandwich assay which may be used with labeled polynucleotide probes, and the methods for 
the preparation of probes is described in EPO 225,807. published June 16. 1987. 

The probes can be packaged into diagnostic kits. Diagnostic kits include the probe DNA. wh.ch may be 
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. labeled, alternatively, the probe DNA may be unlabeled and the ingredients for labeling may be included in 
the k.t -n separate containers. The kit may also contain other suitably packaged reagents an«^^ ml 'als 
c^^nlltingVetesr^"'" " - instrucrns t 

Immunoassay and Diagnostic Kits 

Both the polypeptides which react immunologically with serum containing HCV antibodies for examr,!^ 
those detected by the ar^tigenic screening method descnbed infra, in the Ex'amples. Is^^ihose denvt^' 

. '^^^^''"^ composites ther^t ^d S 

antibodies raised against the HCV specific epitopes in these polypeptides, are use^l in immu^asTavs to 
detect presence of HCV antibodies, or the presence of the virus and/or vira. antigens, in bioT^ical^aZ^^^ 
Design of the immonoassays is subiect to a great deal of variation, and a variet; of these ar^kniwnTn he 
'1h T^T- T -'>al epitope: alternatively, the irr^munoasLy may usl a 

comb^tion Of viral epitopes derived from these sources: these epitopes may be derived from thT sai^e or 
^om different viral polypeptides, and may be in separate recombinant or natural polypeptides or toge^r Z 
the same recombinant polypeptides. It may use. for example, a monoclonal antitx^y direct^ To w^d " 
viral epitope(s). a combination of monoclonal antibodies directed towards epitopes of cZZ^ ZL 

ZZ^sZ riT". "T^ ^"'"^^ °* ^"«9ens. polyctonal antic's dTL'ted 

towards me same v.ral antigen, or polyclonal antibodies directed towards different viral antigens Prot^ols 
may be based, for example, upon competition, or direct reaction, or sandwich type assaysTotocotTav 
r f ;^' ^"Z:^ ^- ""^ °' '"^^ immunoprecipitation. MosTSsays invoive usT o" 

Tt^.^^Tl^L°T''"^^T^ ''""'^ chemilum'nescent rrjoaSv 

or dye molecules. Assays which amplify the signals from the probe are also known: examples of whl^h are 
assays which utilize biotin and avidin. and enzyme-labeled and mediated immunoassays such Ts eLISA 

Some of the antigenic regions of the putative polyprotein have been mapped and identified bv 
screening theantigenicitiy of bacterial expression products of HCV cDNAs whic^^ode p<^ Jonrof tSe 

S't^jHCVc^^Sl^^^^^^^ ^"♦■^^"'^ °' ^ "^^-te- expressin'^rporlon: 

.nViL« ,nH J expression systems, including yeast systems and cellular systems derived from 

insects and vertebrates. In addition, studies giving rise to an antigenicity index and 

anTenSr '° '""""'^"^ probabi.ity^f a region 1 

rnntlnir^mif ° ^^"^'^ "'^^"^ expression of HCV cDNAs showed that a number of clones 
containmg ^^se cOw^ expressed polypeptides which were immunologically reactive with serum from 
individuals with NANBH. No single polypeptide was immunologically reactive with all sera. Five oT these 
d2«Td1n'J!ir *'""'""°9«"*= 'hat antibodies to the HCV epitopes in these polypeptides w re 
detected in many different patient sera, although the overiap in detection was not complete Thus the 
r»Snrf!t ""'"""°9enicity of the polypeptides encoded in the various clones suggest that effecient 

?nl!? ""^^ °* '^•^^ «P*»°P«^ ^ panel may be 

constructed into one or multiple polypeptides. 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by 
packaging the appropriate materials, including the polypeptides of the invention containing HCV epitopes or 
antibodies directed against HCV epitopes in suitable containers, along with the remaining reagents and 
materials required for the conduct of the assay, as well as a suitable set of assay instructions 



further Characterization of the HCV Genome. Virions, and Viral Antioens Using Probes Derived From cDNA 
so to the Viral Genome 

The HCV cONA sequence information in the newly isolated clones described in the Examples may be 
used to gain further information on the sequence of the HCV genome, and tor identification and isolation of 
the HCV agent, and thus will aid in its characterization including the nature of the genome, the structure of 
ss the viral particle, and the nature of the antigens of which it is composed. This information, in turn can lead 
to additional polynucleotide probes, polypeptid s derived from the HCV genome, and antibodies directed 
against HCV epitopes which would be useful for the diagnosis and/or treatment of HCV caused NANBH 

The cDNA sequence information m the abovementioned clones is useful for the design of probes for the 
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isolation of additional cDNA sequences which are derived from as yet undefined regions of the HCV 
oe^me(sTtrom which the cONAs in clones described here.n and in EP 0.316^18 are der.ved. For exanaple. 
LbeTd probes containing a sequence of approximately 8 or more nucleotides, and preferably 20 or rnore 
Ictotides. Which, are derived from regions close to the 5 -termini or 3 -termini of the compos Je HCV 
DNA sequence shown in Fig. 17 may be used to isolate ov napping cDNA sequences from HCV cDNA 
brar.es. Alternatively, characterization of the genomic segments could be from the v.ral genome(s) isolated 
from purified HCV particles, fvlethods for purifying HCV panicles and for detecting them during the 
Durification procedure are described herein, infra. Procedures for isolating polynucleotide genomes from 
viral particles are known in the art. and one procedure which may be used is that described m EP 
0 218 316 The isolated genomic segments could then be cloned and sequenced. An example of this 
technique, which utilizes amplification of the sequences to be cloned, is provided infra., and yielded clone 

'^'^Methods tor constructing cDNA libraries are known in the art. and are discussed supra and infra: a 
method for the construction of HCV cDNA libraries in lambda-gtll is discussed in EPO Pub. No. 318.216. 
; However. cDNA libraries which are useful for screening with nucleic acid probes may also be constructed in 
other vectors known in the art, for example. lambda-gtIO (Huynh et al. (1985)). 

I 

Screening for Anti-Viral Agents for HCV 

The availability of ceil culture and animal model systems for HCV makes it possible to screen for anti- 
viral agents which inhibit HCV replication, and particularly for those agents which preferentially altow eel 
growth and multiplication wtiile inhibiting viral replication. These screening methods are known by those of 
Skill in the art. Generally, the anti-viral agents are tested at a variety of concentrations, for their effect on 
s preventing viral replication in cell culture systems which support viral replication, and then for an inhibition 
of infectivity or of viral pathogenicity (and a low level of toxicity) in an an.mal model systenv 

The methods and compositions provided herein for detecting HCV antigens and HCV polynucleotides 
are useful for screening of anti-viral agents in that they provide an alternative, and perhaps more sensitave 
means, for detecting the agent's effect on viral replication than the cell plaque assay or "^^^^^^ 
,o example, the HCV-polynucleotide probes described herein may be used to quantrtate ^^'^ ^""J ?' 

nucleic add produced in a cell culture. This could be accomplished, for example, by hybridization or 
competition hybridization of the infected cell nucleic acids with a labeled HCV-polynucleotide 
example, also. anti-HCV antibodies may be used to identify and quantitate HCV antigen(s) m the cell curture 
utilizing the immunoassays described herein. In addition, since it may be de«^abte to Quantitate HCV 
,s antigens in the infected cell culture by a competition assay, the polypeptides ^^^^^^J^^'^J^^^^^^ 
cDf^As described herein are useful in these competition assays. Generally, a recombinant "CV po Y^ptide 
derived from the HCV cDNA would be labeled, and the inhibition of binding of th.s labeled P°'yP«P^;« J° f" 
HCV polypeptide due to the antigen produced in the ceK cuHure syste.^«ould t- rnQnitored- 
theseTechniques are particularly useful in cases where the HCV may be able to replicate m a cell line 

-CO without causing cell deatti. ^ » « ;„ and 

The anti-Xal agents which may be tested for efficacy by these methods are known m the art^and 
include, for example, those which interact with virion components and/or cellular ^^^^^^^ 
necessary for the binding and/or replication of the virus. Typical ant.-v.ral agents may include, for example 
inhibitors Of virion polymerase and/or protease(s) necessary for cleavage of the 

45 Other anti-viral agents may include those which act with nucleic acids to prevent viral replication, for 

^s:::::^:r:Z::^^^s ... comprised of a complementary nuc.eotioe sequence wh.ch 
al.owTh:m to' ybridize specifically to designated regions of genor.es ^^^J;^;^^^^^^:!ZTT^ 
may include for example, molecules that will olock protein translation by binding to mRNA. or may be 
Tore^uS^ :hich prevent replication of viral RNA by -nscriptase^They may a^o .r,c,ude mo^^^^^^^^^^^ 
carry agents (non-covalently attached °^— V bou^^^^^^^ 

causing, tor example, sessions m the v.ral RNA. ^""^^ Antisense molecules which 

enhance and/or r.re required tor viral infectiv.ty, ^^P.''"^^^ information of the HCV 
are to hybridize to HCV derived RNAs may be ^^^'^^^'^^^^.^"^^"p^^n.cleotide for HCV may be 
cDNAs provided herein. The antiviral ^^ants based u^n ant. sens^^ ^^^^ 

designed to bind with high specificity, to be of ^.^J^es. or by gene therapy. In 

Hence, they may be delivered in specialized f '° J^™;,,^ bonding between bases, etc. 

addition, they may include analogs, attached proteins, substitutea or aiierea oonu y 
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General Methods 



assays such as 2 in^^™ expression vectors, transforming cells, performing immunological 

assays such as radioimmunoassays and ELISA assays, for growing cells in culture and th« lilc« L 

Both prokaryotic and eukaryotic host cells may be used for expression of d«,ir«i r-r^- 

conferring ampicil.in and tetracycline resistance, and ^t^e T^L'^t^ J^s Z,J^°^^^^^ 
quences conferring antibiotic resistance markers. These markers n^ay^ LseT ,0 obtl ! 

such as ttiosB denved from the enolase gene (Holland (1981)). Particularty useful control systems are mose 

hyTroge?aT(rDHWeouSr''''"' clehydrogenase (gIpdH) prUoLr^'^roho T- 

l/J^Tr « r P'O'^oter, terminators also derived from GAPOH. and if secretion is desired 

S Tr"" ^""'^ t^«"=<=riptional regulatory region and me transcS 

IZVTT. -g-on -^'Ch are operably linked may be such that they not naSally a^ocrateTin S 
EPO^^^^n? Jif? '^'"^'"^ '^^^"''^ EPO 120.551. published October 3 198^ 

ass?anedfo L'hl n '^^^ "^'^ ^""^ ^"^"^'^^'^ ^^^-'^^ ,985. all of wNch aTe 

assigned to the herein assignee, and are hereby incorporated herein by reference 

immo^I^irH^.iT' «^ f'osts for expression are known in the art and include many 

SZITZ T ^^nLT '^"^ ^^"^ ""^^ <A"rCC). including HeLa cells 

S^itabte orcm^ir^"^ (CHO) cells, baby hamster kidney (BHK) cells, and a number of othlr cell .in s.' 
Suuable promoters for mammalian cells are also known in the art and include viral promoters such as that 
from S.m,an Virus 40 (SV40) (Fiers (1978)). Rous sarcoma virus (RSV). adenovirus (AOV). and bovine 
papilloma virus (BPV). Mammalian cells may also require terminator sequences and poly A addition 
sequences: enhancer sequences which increase expression may also be included, and sequences which 
cause amplification of the gene may also be desirable. These sequences are known in the art Vectors 
suitable for replication in mammalian cells may include viral replicons. or sequences wh.ch insure 
integration of the appropriate sequences encoding NANBV epitopes into the host genome. 

Transformation may be by any known method for introducing polynucleotio s into a host cell, including 
lor example packaging the polynucleotide in a virus and transducing a host cell with the virus, and by direct 
uptake of the polynucleotide. The transformation procedure used depends upon the host to be transformed. 
For example, transformation of the E. coli host cells with lambda-gtl 1 containing BB-NANBV sequences is 
oiscussed in the Example section, intra. Bacterial transformation by direct uptake generally employs 
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treatment with calcium or rubidium chloride (Cohen (1972); Maniatis (1982)). Yeast transformation by direct 
uptake rTiay be carried out using the method of Hinnen et ai. (1978). Mammalian transformations by dir ct 
uptake may be conducted using the calcium phosphate precipitation method of Graham and Van der Eb 
(1978), or the various known modifications thereof. 

Vector construction employs techniques which are known in the art. Site-specific DNA cleavag is 
perfortned by treating with suitable restriction enzymes under conditions which generally are specified by 
the manufacturer of these commercially available enzymes. In general, about 1 microgram of plasmid or 
DNA sequence is cleaved by 1 unit of enzyme in about 20 microliters buffer solution by incubation of 1-2 hr 
at'"37"C. After incubation with the restriction enzyme, protein is removed by phenol/chloroform extraction 

0 and the DNA recovered by precipitation with ethanol. The cleaved fragments may be separated using 
polyacrylamide or agarose gel electrophoresis techniques, according to the general procedures found in 
Methods in Enzymology (1980) 65:499-560. 

Sticky ended cleavage fragments may be blunt ended using E. coli DNA polymerase 1 (Klenow) in the 
presence of the appropriate deoxynucleotide triphosphates (dNTPs) present in the mixture. Treatment with 

5 Si nuclease may also be used, resulting in the hydrolysis of any single stranded DNA portions. 

Ligations are carried out using standard buffer and temperature conditions using T4 DNA ligase and 
ATP; sticky end ligations require less ATP and less ligase than blunt end ligations. When vector fragments 
^re used as part of a ligation mixture, the vector fragment is often treated with bacterial alkaline 
Dsphatase (BAP) or caff intestinaJ alkaline phosphatase to remove the 5- -phosphate and thus prevent 

?o religation of the vector; alternatively, restriction enzyme digestion of unwanted fragments can t>e used to 
prevent ligation. 

Ligation mixtures are transformed into suitable cloning hosts, such as E. coli . and successful transfor- . 
mants selected by. for example, antibiotic resistance, and screened for the correct construction. 

Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as de- 

25 scribed by Warner (1984). If desired the synthetic strands may be labeled with by treatment with 
polynucleotide kinase in the presence of ^P-ATP. using standard conditions for the reaction. 

DNA sequences, including those isolated from cDNA libraries, may be modified by known techniques, 
including, for example site directed mutagenesis, as described by Zoller (1982). Briefly, the DNA to be 
modified is packaged into phage as a single stranded sequence, and converted to a double stranded DNA 

30 with DNA polymerase using, as a primer, a synthetic oligonucleotide complementary to the portion of the 
DNA to be modified, and having the desired modification included in its own sequence. The resulting 
double stranded DNA is transformed into a phage supporting host bacterium. Cultures of the transformed 
bacteria, which contain replications of each strand of the phage, are plated in agar to obtain plaques. 
Theoretically. 50% of the new plaques contain phage having the mutated sequence, and the remaining 50% 

75 have th original sequence. Replicates of the plaques are hybridized to labeled synthetic probe at 
temperatures and conditions which permit hybridization with the correct strand, but not with the unmodified 
sequence. The sequences which have t>een identified by hybridization are recovered and cloned. 

DNA libraries may tse probed using the procedure of Grunstein and Hogness (1975). Briefly, in this 
procedure, the DNA to be probed is immobilized on nitrocellulose filters, denatured, and prehybridized with 

«} a buffer containing 0-50% formamide. 0.75 M NaCI, 75 mM Na citrate. 0.02% (wt/v) each of bovine serum 
albumin, polyvinyl pyrollidono. and Rcoll, 50 mM Na Phosphate (pH 5.5), 0.1% SDS. and 100 
micrograms/ml carrier denatured DNA. The percentage of formamide in the buffer, as well as the time and 
temperature conditions of the prehybridization and subsequent hybridization steps depends on the strin- 
gency required, Oligomeric probes which require lower stringency conditions are generally used with low 

'5 percentages of formamide. lower temperatures, and longer hybridization times. Probes containing more than 
30 or 40 nucleotides such as those derived from cDNA or genomic sequences generally employ higher 
temperatures, e.g., about 40-42' C. and a high percentage, e.g.. 50%, formamide. Following prehybndiza- 
tion. 5 -^P-labeled oligonucleotide probe is added to the buffer, and the filters are incubated in this mixture 
under hybridization conditions. After washing, the treated filters are subjected to autoradiography to show 

50 the location of the hybridized probe; DNA in corresponding locations on the original agar plates is used as 
the source of the desired DNA. 

For routine vector constructions, ligation mixtures are transformed into E. coli strain HBIOi or other 
suitable host, and successful transformants selected by antibiotic resistance or other markers. Plasmids 
from the transformants are then prepared according to the method of Clewell et aL (1969). usually following 

55 chlorannphenicol amplification (Clewell (1972)). The DNA is isolated and analyzed, usually by restnaion 
enzyme analysis and/or sequencing. Sequencing may t>e by the dideoxy method of Sanger et al. (1977) as 
further descrit^ed by Messing et al. (1981). or by the method of t^axam et al. (1980). Problems with band 
compression, which are sometimes observed in GC rich regions, were overcome by use of T- 
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10 



T5 



dea^oguanosine according to Barr et al. (1986) 

The enzyme-linked immunosorbent asspv IFI i«;a» r=r, 
concentrations. This method depends Lnn nnl n!, ? "'^"^ '° ""^^""'^ ^"»'9«" °f antibody 

and uses the bound enzyme LTi^' 33 a ouamS ve" TabeT T'"' *° '"'^^ ^ ^ -"'-^V 

«xed to a solid Phase (e.g.. a micmolat^ T nt.,> ^ ■ '"^^^"'^ "^^o^" antigen is 

incubated w.th antHmmunog.obur abe L/wit a en^-J^ T ^"""^ -^^«<^ 

rSd- rredTy :£ p™-Ly^— 

3~..io^ colorimelatrL- ^^^^^^^^ rir:=ore~^^ 
an Je^TsTdrd'aJran^n'o:^^^^^^^^^^ TT '° containing 

added. Atter washing. ^2:^^:.:^'^ tz: ::^tv:t:^::"' ^^^^ -'^y^^ 

antigen concentration. enzyme activity is estinnated colorimetncaJly. and related to 



Examples 



embodiments within the scope ot the Cairns wi., be appTrenlVroU^ ^din'^^IS^ thrr 
32!£tionandSepu^ 

which'^r:: i'cv'ci.NMl^ccT-5^^^^^ ' the-lambda-gtH .ibrary 

318^16 (published 31 May sS j^v^o ^l^^ 

With the probes c^escribed'^int^^usTn^ T ^^^^^2^^^ 

posi^ve Clones appeared wrth the resictive probes H^ To^^^' ''"^"^"^'^^ -^'^'^ 

cone ^2:'°^::i::.Toi Z ;?be":r ''""^^ -^-^ ^ ^^-^^^^^ <^--<^ sequence ot 

5 GAA CGT TGC GAT CTG GAA GAC AGG GAC AQG 3' 

The isolation of clone 26j was accomplished, using a probe derived from th- ^' 
The sequence of the probe was: oenvea from the 5 -region of don KS-i. 

5 TAT GAG TTA TGC CAA CGG AAG CGG CCC CGA 3' 

NO. lTs!^^T:n7Z:tZn:^TeZ^^^ ""^^ ^ ^^^"^^ in EPO Pub. 

cones t3i and 26i. are shown" Rgs 4 and 5 SsJJT'' f' T"^''^' """" ^^^'^ « °' 

therein, as we,, as the over,ap o c.on' ,3i wi'h clone '^T'h 'T" "'^'^^ ''"^^'^^ 

sequences for these Cones confirml ,1 °' 26i with Cone I3i. The 

different HCV cDN^ii^ary (^"^p ^^.ta?^;'"""" °' ^lone KS-I had been isCated from a 

sequenc": oMh^p^s^ ""'""^ ^ ''^^ ^« ^-'-^ °^ ^ ^-^^^on o, clone 26i. The 

5 CTG GTT AGC AGG GCT TTT CTA TCA CCA CAA 3' 

.ho ^oCTsS ;™ ro™ " " ™~ o, 

5 AAG GTC CTG GTA GTG CTG CTG CTA TTT GCC 3' 

the probe' w^s-"^ ' °' ^he sequence of 

5 ACT GGA CGA CGC AAG GTT CCA ATT GCT CTA 3'. 

of ttie*°"^b^^^^^^ isolated using a probe derived from the sequence of clone CA i55e The s quence 
5 TTC GAC GTC ACA TCG ATC TGC TTG TCG GGA 3'. 

The nucleotide sequences of the HCV cDNAs in clones CA59a. CA84a. CAl56e. and CAl67b 
shown Figs. 6. 7, 8. and 9. respectively. Th amino acids encooed therem. as well as the overlap with me 
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sequences of relevant clones, are also shown in the Figs. 



^ Creation of -^pi" HCV cDNA Library 

CA59A. The sequence of the pnmerwas " transcnptase was based on the sequence o, Cone 

5 GGT GAC GTG GGT TTC 3'. 



IS 



'so'at'on and Sequence of Clone pil4a 



20 



25 



(See'sZTy.eLrd%?L''p-^^ ^'^ -e<^ ^ -°'ate Cone CAl67b 

CA,67b ci/si CAsS an^'^AS^a conta.ns about 800 base pairs of cDNA whiC overlaps Cones 

No Aa'iQA\ In Vhh , . ^ •solated from the lambda gt-n HCV cONA librarv (ATCC 

Sequence of Clones CA216a, CA290a and ag30a 

-as OasM or m. saguanes of clones CA216a ano 0M90a- <»»°">M above. The onn,er oseo 

5 GAA GCC GCA CGT AAG 3' 



30 



4Q 



Clone CA290a: 

5' CCG GCG TAG GTC GCG CAA TTT GGG TAA 3* 
oi^oon AW ^* °* ^'^ sequence overlaps the HCV sequence of clones CA2ifia ahh 

of the HCV OOF. Also md.cated in Fig. 12 are putative small encoded peptides (#) which mav ofav TratVn 

Isolation and Sequence of Clone CA205a 

55 

nrn^'T^- '^^'^^^ "^''9*"^* '^""^^ 9^11 Mbrary (ATCC No. 40394). using a synthetic 

probe derived from the HCV sequence in clone CA290a (Fig. 1 1). The sequence of the probe was*- 
5 TCA GAT CGT TGG TGG AGT TTA CTT GTT GCC 3'. 
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itmpanzee 
■ Pub. No. 
utilized a 
• 0/ clone 



\l67b 
itones 



The sequence of the HCV cDNA in CA20«;. k 

Clones ag30a and CA290a. The oveip oMh '"'^ "^'^'^ sequences in both 

above the sequence (the figure also showf »h ''"^ °' ^-^^^^ =^°vvn by the donld^ n 

composite HCV cONA ^.^^ » .0, a, ,ea., 8907 nucSo*™, [^e 



JO 



i!£!£iionand Seque^ ,0^ 



20 



2S 



30 



3S 



40 



4S 



50 



55 



i 



screen, o, o5L'^s^'^f„?:°.*^:,r 
=^rrSm°'o,i--s^^^^^^ 

genomic RNA Is obtained from eimer d Jm- o r ^ elucidated sequence of Ci8q) The Hrv 

appears to be a Ravi-.i^ >nru^Z7-te^Z of Z'^'''''' '"^^'^^^'^ ^ANbS^ Since H^v 
known that Raviv.rus genomes conLnT^ZnaXi^°sZ::'' t>e modified with a "cap- struau.e.T^ 
Oengue virus. Hahn et a. (1988,: Japanese Eli^XiJirVirus (^"^\ '^^^ ^'"^^ 0988, 

l!£!f«E:: and Sequent 

a co"T!L:rS^^^^^^^^^ -ec^r'r °' — '^c.ated from 

creation of the HCV cDNA 'ambda gtl^S' /^^^^^^ ^'^-^ P«" -^'ch was used to 

order to create the DNA library, rna e«Sd tim ,h . No. 318.216 In 

resulting RNAxDNA hybrid was digested wi^RNiA! w transcnptase The 

The resulting HCV cDNA was c.onld"nS^ .rlda o^O ^° ^""'"^ "^V cDNA 

{1985,. yielding the beta (or b, HCV cDNA Tr^T?Z """^ ^"'"'"'^ '^""'^"^ - Huynh 

An aliquot (I2ml, of the iasma was t S ^ P"^^'^"^^^ =^ '°"o-s. 

Phenol saturated with 0.05M ?"s-c7 p^ T 5 ^OOBrTTJ' ""^^^^ ^ of 
yqi^inolone. 1 mM EDTA. The resultino aL« ; . '^^-^^^^^P'o^thanol. Ci". ^ 

by 3 xtractions with a 1:1 mixture cSJinnn "" T '^'"'^='^^ -"^ phenol m.«ure tolowe, 
extractions w.th a mixture of^^^^rofo ^^d ^'oZ^l^^^^ 'o"- d ^y 

-?o • c " fr^r r '^^^^ ^° -3c,.^irer:r;3tTh'e'a e^^^^ - - ^--s 

10 OM RPM f T""^' °' ""^ ^''^o'"^^ ethanol. The prednitates were cotlLlT "'^'^ ^' 
10.000 RPM tor 40 m.n.. washed w.,h .0. ethano, confining 20 mM Tci." ^oo^^^.t 
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dried tor 5 mm. in a desstcator. and dissolved in water. 

The isolated nucleic acids from the infectious chimpanzee plasma pool were tailed with poly rA utilizing 
poly-A polymerase in the presence ot human placenta ribonuctease inhibitor (HPRl) (purchased from 
Amersham Corp.). utilizing MS2 RNA as carrier. Isolated nucleic acids equivalent to that in 2 ml of plasma 
were incubated in a solution containing TMN (50 mM Tris HCI. pH 7.9. 10 mM MgCIz, 250 mM NaCI. 2.5 
mM MnCl2. 2 mM dithiothreitol (DTT)). 40 micromolar alpha-p^P) ATP. 20 units HPRl (Amersham Corp.). 
and a6out 9 to 10 units of RNase free poly-A polymerase (BRL). Incubation was for 10 min, at 37 C. and 
the reactions were stopped with EDTA (final concentration about 250 mM). The solution was extracted with 
an ^equal volume of phenol-chloroform, and with an equal volume of chloroform, and nucleic acids were 
precipitated overnight at -20* C with 2.5 volumes of ethanol in the presence of 200 mM NaCI. 



Isolation of Clone b5a 



The beta HCV cDNA library was screened by hybridization using a synthetic probe, which had a 
sequence based upon the HCV cDNA sequence in clone ISe. The isolation of clone iSe is described in 
EPO Put). No. 318.216. and its sequence is shown in Rg. 3. The sequence of \he synthetic probe was: 
< ATT GCG AGA TCT ACG GGG OCT GCT ACT CCA 3'. 

' eening of the library yielded clone beta-5a (b5a), which contains an HCV cONA region of approximately 
1000 base pairs. The 5 -region of this cDNA overlaps clones 35f. 19g. 26g, arwj I5e (these clones are 
descritied supra). The region t>etween the 3 -terminal poly-A sequence and the 3 -sequence which overlaps 
clon l5e. contains approximately 200 base pairs! This clone allows the identification of a region of the 3 - 
terminal sequence the HCV genome. 

The sequence of b5a is contained within the sequence of the HCV cDNA in clone 16jh (described infra). 
Moreover, the sequence is also present in CC34a, isolated from the original lambda-gtl 1 library (ATCC No. 
40394). (The original lambda-gtl 1 library is referred to herein as the "C* library). 

Isolation and Sequence of Clones Generated by PCR Ampliftcation of the 3 -Region of the HCV Genome 

Multiple cONA clones have been generated which contain nucleotide sequences derived from the 3 - 
region of the HCV genome. This was accomplished by amplifying a targeted region of the genome by a 
polymerase chain reaction technique descrit>ed in Saiki et ai. (1986). and in Saiki et al. (1988). which was 
modified as described below. The HCV RNA which was amplified was obtained from the ohginal infectious 
chimpanzee plasma pool which was used for the creation of the HCV cDNA lambda-gtl 1 library (ATCC No. 
^^1394) described in EPO Pub. No. 318,216.^ Isolation of the HCV RNA was as described supra. The isolated 
' A was tailed at the 3'-€nd with ATP by E. coli poly-A polymerase as descnt)ed in Sippel (1973), except 
that the nucleic acids isolated from chimp serum were substituted for the nucleic acid substrate. The tailed 
RNA was then reverse transcribed into cDNA by reverse transcriptase, using an oligo dT-primer adapter, 
essentially as descrit>ed by Han (1987). except that the components and sequence of the primer-aaapler 
were; 



Stutter 


NotI 


SP6 Promoter 


Primer 


AATTC 


GCGGCCGC 


CATACGATTTAGGTGACACTATAGAA 


Tl5 



The resultant cDNA was subjected to amplification by PCR using two primers: 



Primer 


Sequence 


JH32 (30mer) 
JH11 (20mer) 


ATAGCGGCCGCCCTCGATTGCGAGATCTAC 
AATTCGGGCGGCCGCCATACGA 
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Ther JH32 primer contained 20 nucleoiide sequences hybridizable to the 5 -end of the target region in the 
cONA. with an estinnaled of 66 'C. Tho JHl 1 was derived from a portion of the oligo dT-primor adapter: 
thus, it is specilic to the 3 -end of the cDNA with a of 64* C. Both prinners were designed to have a 
recognition site for the restriction enzyme. Notl. at tho 5 -end, for uso in subsequent cloning of the amplified 
HCVcONA. 

The PGR reaction was carried out by suspending the cONA and the primers in 100 microliters of 
reaction mixture containing the four deoxynucleoside triphosphates, buffer salts and metal ions, and a 
thermostable ONA polymerase isolated from Thermus aquaticus (Taq polymerase), which are in a Perkin 
Elmer Cetus PGR kit (N80 1-0043 or NaOl-0055). The PGR reaction was performed for 35 cycles in a Perkin 
Elmer Cetus ONA thermal cycler. Each cycle consisted of a K5 min denaturation step at 94 C. an 
annealing step at 60 C for 2 min. and a primer extension step at 72 C for 3 min. The PGR prodtjcts wera 
subjected to Southern blot analysis using a 30 nucleotide probe. JH34, the sequence of which was based 
upon that of the 3 -terminal region of clone I5e. The sequence of JH34 is: 
* 5' CTT GAT CTA GCT GGA ATC ATT CAA AGA GTG 3'. 
5 The PCB products delected by the HCV cONA probe ranged in size from about 50 to about 40G base pairs, 
(n order to clone the amplified HGV cONA. the PGR products were cleaved with Notl and size selected 
by polyacrylamide gel electrophoresis. DNA larger than 300 base pairs was cloned into the Notl site of 
pUCieS The vector pUCIBS is constructed by including a Notl polylinker cloned t>etween the EcoRI and 
Sail sites of pUClS. The clones were screened for HGV cDNA using the JH34 probe. A number of positive 
'O clones were obtained and sequenced. The nucleotide sequence of the HCV cDNA insert in one of these 
clones. t6jh. and the amino acids encoded therein, are shown in Fig. 15. A nucleotide heterogeneity, 
delected in ihe sequence of the HCV cONA in clone ISjh as compared to another clone of this region, is 
indicated in Ihe figure. 

25 

Compiled HCV cDNA Sequences 



An HCV cDNA sequence has been compiled from a series of overlapping clones derived from the 
3o various HCV cONA libraries described supra.. In this sequence, the compiled HCV cDNA sequence 
obtained from clones bl14a. 18g. ag30a. CA20Sa. CA290a. CA216a. pi14a, CA167b, CA156e, CA84a. and 
CA59a is upstream of the compiled HCV cDNA sequence published in EPO Pub. No. 318,216. which is 
shown in Fig. 16. The compiled HCV cDNA sequence obtained, from clones bSa and 16ih downstream of 
the compiled HCV cONA sequence published in EPO Pub. No. 318.216. 
35 Fig. 17 shows the compiled HCV cONA sequence derived from the above-described clones and the 

compiled HCV cDNA sequence published in EPO Pub. No. 318.216. The clones from which the sequence 
was derived are bIMa. I8g. ag30a. CA205a, CA290a. CA216a, pil4a. CA167b. CAl56e. CA&4a, CA59a. 
K9-1 (also called k9-1).26i. 13i. 12f. 14i. lib. 7f. 7e. Sh. 33c. 40b. 37b, 35, 36. 81, 32. 33b, 25c. 14c. 8f. 33f. 
33g. 39c. 35f, 19g. 26g, 15e, b5a. and IBjh. In the figure the three dashes atxjve the sequence indicate the 
-tfo position of the putative initiator methionine codon. 

Clone bll4a was obtained using the cloning procedure descrit>ed for clone bSa. supra., except that the 
probe was the synthetic probe used to delect clone iBg. supra. Clone b114a overlaps with clones I8g. 
ag30a. and CA205a. except that clone b1 14a contains an extra two nucleotides upstream of the sequence in 
clone IBg (i.e.. 5'-CA). These extra two nucleotides have t>een included in the HCV genomic sequence 
45 shown in Fig. 17. 

It should bo noted that although several of the clones described supra, have been obtained from 
libraries other than the original HCV cONA lambda-gtl 1 C library (ATCC No. 40394), these clones contain 
HCV cONA sequences which overlap HCV cDNA sequences in the original library. Thus, essentially all of 
the HCV sequence is derivable from the original lambda-gtl 1 C library (ATCC No. 40394) which was used 
so to isolate the first HCV cDNA clone (5-1-1). The isolation of clone 5-1-1 is described in EPO Pub. No. 
318.216. 



Purification of Fusion polypeptide ClOQ-3 (Alternate method) 

55 

The fusion polypeptide. ClOO-3 (also called HGV clOO-3 and alternatively. clOO-3). is comprised ol 
superoxide dismutase (SCO) at the N-iermmus an in-frame ClOO HGV polypeptide at the C-iermmus. A 
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melhod for preparing the polypeptide by expression in yeast, and differential extraction of the insoluble 
fraction of the extracted host yeast cells, is described in £P0 Pub. No. 318.216. An alternative method for 
the preparation of this fusion polypeptide is described bofow. In this method the antigen is precipitated from 
(ho crude coit lysato with acetone: (ho acotono procip«fato<d antigen is than subjocfod to ion-oxchango 
Chromatography, and further* purified by gel filtration. 

The fusion polypeptide. ClOO-3 (HCV ciOO-3), is expressed in yeast strain JSC 308 (ATCC No. 20879) 
transformed with pA824C 100-3 (ATCC No, 67976): the transformed yeast are grown under conditions which 
atlow expression (i.e.. by growth in YEP containing 1% glucose). (See EPO Pub. No. 318.216). A cell lysate 
is prepared by suspending the cells in Buffer A (20 mM Tris HCI. pH 8.0. 1 mM EDTA. 1 mM PMSF. The 
cells are broken by grinding with glass beads in a Dynomill type homogenizer or its equivalent. The extent 
of cell breakage is monilored by counting cells under a microscope with phase optics. Broken cells appear 
dark, while viable cells are light-colored. The percentage ol broken cells is determined. 

When the percentage of broken cells is approximately 90% or greater, the broken cell debris is 
separated from Ihe glass beads by centrifugation, and the glass beads are washed with Buffer A. After 
5 combining the washes and homogenate. the insoluble material in the fysate is obtained by centrifugation. 
The material in the pellet is washed to remove soluble proteins by suspension in Buffer 8 (50 mM glycine, 
pH 12.0. 1 mM DTT, 500 mM NaCI). followed by BuHer C (50 mM glycine. pH 10.0. 1 mM DTT). The 
insoluble material is recovered by centrifugation. and solubilized by suspension :n Buffer C containing SOS. 
The extract solution may be heated in the presence of tDela-mercaptoelhanol and concentrated by 
20 ultrafiltration. The HCV cl(XD-3 in the extract is precipitated with cold acetone. If desired, the precipitate may 
be stored at temperatures at about or t>elow -15* 0. 

Prior to ion exchange chromatography, the acetone precipitated material is recovered by centrifugation. 
and may be dried under nitrogen. The precipitate is suspended in Buffer D (50 mM glycine, pH 10.0, 1 mM 
DTT. 7 M urea), and centrifuged to pellet insoluble material. The supernatant material is applied to an anion 
25 exchange column previously equilibrated with Buffer D. Fractions are collected and analyzed by ultraviolet 
absorbance ,or gel electrophoresis on SOS polyacrylamide gels. Those fractions containing the HCV c 100-3 
polypeptide are pooled. 

In order to purify the HCV c 100-3 polypeptide by gel filtration, the pooled fractions fronrt the ion- 
exchange column are heated in the presence of beta-mercaptoethanol and SOS. and the elualfe is 

30 concentrated by ultrafiltration. The concentrate is applied to a gel filtration column previously equilibirated 
with Buffer E (20 mM Tris HCl. pH 7.0, 1 mM DTT. 0.1% SOS). The presence of HCV c100-3 in the/eTuted 
fractions, as well as the presence of impurities, are determined by gel electrophoresis on polyacrylamide 
gels in the presence of SOS and visualization of the polypeptides. Those fractions containing purified'*HCV 
clOO-3 are pooled. Fractions high in HCV c100-3 may t>G further purified by repealing the gel filtration 

35 process. If the removal of particulate material is desired, the HCV clOO-3 containing material may be filtered 
through a 0.22 micron filter. 

Expression and Antigenicity of Polypeptides Encoded in HCV cDNA 



Polypeptides Expressed in E^ coH 

45 

The polypeptides encoded in a number of HCV cDNAs which span the HCV genomic ORF were 
expressed in E. coir, and tested for their antigenicity using serum obtained from a variety of individuals with 
NANBH. The^expTession vectors containing the cloned HCV cDNAs were constructed from pSODcfl 
(Sleimer el al. (1986). In order to be certain that a correct reading frame would be achieved, three separate 
50 expression vectors. pcflAB. pcflCD, and pcflEf were created by ligaling either of three linkers. AB, CD, 
and EF to a BamHt-EcoRI fragment derived by digesting to completion the vector pSODcfl with EcoRI and 
BamHl. followed by treatment with alkaline phosphatase. The linkers were created from six oligomers. A. B. 
C. 0. E. and F. Each oligomer was phosphorylated by treatment with kinase in the presence of ATP prior to 
annealing to its complementary oligomer. The sequences ol the synthetic tinkers were the following. 

55 
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Name 

A 
B 



DNA Sequence ( 5 ' to 3 



GATC CTG AAT TCC TGA TAA 

GAC TTA AGG ACT ATT TTA A 



C GATC CGA ATT CTG TGA TAA 



D 



GCT TAA GAC ACT ATT TTA A 



E GATC CTG GAA TTC TGA TAA 

F GAC CTT AAG ACT ATT TTA A 

Each of the three linkers destroys the orrginal EcoRI site, and creates a new EcoRI site within tho linker, but 
within a different reading frame. Hence, the HCV cDNA EcoRI fragments isolated from the clones when 
inserted into the expression vector, were in three different reading frames. 

The HCV cDNA fragments in the designated lambda-gtl 1 clones were excised by digestion with EcoRI; 
each fragment was inserted into pcf1A8. pcflCD. and pcflEF. These expression constructs were then 
transformed into D1210 E. coli cells, the transformants were cloned, and recombinant bacteria from each 
clone were induced to express the fusion polypeptides by growing the bacteria in the presence of IPTG. 

Expression products of the indicated HCV cONAs were tested for antigenicity by direct immunological 
screening of the colonies, using a modification of the method described in Heifman el al. (1983). Briefly, as 
shown in Fig. 18. the bacteria were plated onto nitrocellulose filters overlaid on ampicillin plates to give 
approximately KOOO colonies per filter. Colonies were replica plated onto nitrocellulose filters, and the 
replicas were regrown overnight in the presence of 2 mM IPTG and ampicillin. The bacterial colonies were 
lysed by suspending the nitrocellulose fillers for about 15 to 20 min in an atmosphere saturated with CHCI3 
vapor. Each filter then was placed in an individual 100 mm Petri dish containing 10 ml of 50 mlVI Tris HCI. 
pH 7.5. ,150 mM NaCI. 5 mM MgCb. 3% (w/v) BSA, 40 micrograms/ml lysozyme. and 0.1 microgram/ml 
ONase. The plates were agitated gently for at least 8 hours at room temperature. The filters were rinsed in 
TBST (50 mM Tris HCI. pH8.0. 150 mM NaCl. 0.005% Tween 20). After incubation, the cell residues were 
rinsed and incubated in TBS (TBST without Tween) containing 10% sheep serum: incubation was for 1 
hour. The fillers were then incubated with pretreated sera in TBS from individuals with NANBH, whicfi 
included: 3 chimpanzees; 8 patients with chronic NANBH whose sera were positive with respect to 
antibodies to HCV ClOO-3 polypeptide (described in EPO Pub. No. 318.216. and supra.) (also called ClOO): 
8 patients with chronic NANBH whose sera were negative for anti-ClOO antibodies; a convalescent patient 
whose serum was negative for anti-ClOO antibodies; and 6 patients with community acquired NANBH. 
including one whose sera was strongly positive with respect to anti-ClOO antibodies, and one whose sera 
was marginally positive with respect to anti-ClOO antibodies. The sera, diluted in TBS, was pretreated by 
preabsorption with hSOO. Incubation of the filters with the sera was for at least two hours. After incubation, 
the fillers were washed two times for 30 min with TBST. Labeling of expressed proteins to which antibodies 
in the sera bound was accomplished by incubation for 2 hours with ^^^l-lat^eied sheep anti-human antibody. 
After washing, the filters were washed twice for 30 min with TBST. dried, and autoradiographed. 

A number of clones (see infra.) expressed polypeptides containing HCV epitopes which were im 
munologicaily reactive with serum from individuals with NANBH. Five of these polypeptides were very 
immunogenic in that antibodies to HCV epitopes in these polypeptides were detected in many different 
patient sera. The clones encoding these polypeptides, and the location of the polypeptide in the putative 
HCV polyprotein (wherein the amino acid numbers begin with the putative initiator codon) are the following: 
clone 5-1-1. amino acids 1694-1735; clone ClOO. amino acids 1569-1931; clone 33c, amino acids 1192- 
1457; clone CA279a. amino acids 1-84; and clone CA290a amino acids 9-177. The location of the 
immunogenic polypeptides within the putative HCV polyprotein are shown immediately below. 
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Clones encoding polypeptides of proven 
reactivity with sera from NANBH patients. 


Clone 


Location within the HCV 
polyprotein 


(amino acid no. beginning with 
putative initiator methionine) 


CA279a 


1-84 


CA74a 


437-582 


13i 


51 1-690 


CA290a 

rA-c» %J \J Gk 


9-1 77 


33c 








S-1 - 1 

-J" 1 * 1 


1 RQ4- 1 7TS 


O 1 


1 RfV^^ 1 ADS 






25c 


1949-2124 


14c 


2054-2223 


af 


2200-3325 


33f 


2287-2385 


33g 


2348-2464 


39c 


2371-2502 


I5e 


2796-2886 


C100 


1569-1931 



The results on the immunogenicity of the polypeptides encoded in the various clones examined 
suggest efficient detection and immunization systems may include panels of HCV polypeptides/epitopes. 



Expression of HCV Epitopes in Yeast 

Throe different yeast expression vectors which aJlow the insertion of HCV cDNA into three different read 
ing frames are constructed. The construction of one of the vectors, pA824Cl00-3 is described in EPO^ Pub. 
No, 318.216. in the studies t>elow, ttie HCV cDNA from the clones listed in supra, in the antigenicity 
mapping study using the E. coli expressed products are substituted for the ClOO HCV cONA. The 
construction of the other veclors replaces the adaptor described in the above E. coli studies with one of the 
following adaptors: 



Adaptor 1 

-45 

ATT TTG AAT TCC TAA TGA G 

AC TTA AGG ATT ACT CAG CT 

50 

Adaptor 2 

AAT TTG GAA TTC TAA TGA G 
55 AC CTT AAG ATT ACT CAG CT • 

The inserted HCV cONA is expressed in yeast transformed with the vectors, using the expression 
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conditions described sunra »u 

Virus NSl " ^ " - 



the known polynudeo de seLTnr^T^"''"T^ °' ''"^ "'^"^ polyprotein was deduced 'om 

protein sequence wa1ercerfron. .hrr?. """"f'^-'-^' °' f^^' -rus. The HCV po^y 

de.erm.ned using an anUaen oLlr ^^^'^^^^^ overlapping cDNA clones. The profiles were 

question, and 3 Vs due T each iir^ eo"^^^^^^ V ^'^'^ ^'^^ n 

residue. The parameter. 0"^; T,! .. ! ' "^"^^^e hydrophobicity abcu, a given annino acid 

Ooolittle (1982). Fig ,9 shows tl^e h«H?nr«^ '^^r '^ °' ^^"^ ^'"'"^ ^^'^ ^^''^"^ 3™ '^O'" Kyte and 

the non-strucura. proteins oT West N^rvrrus ns;° h" ."'^^ PO'VProteins: the areas corresponding ,0 

figure, there is a'genera, simi!a itr^n 7e%r^^^^^^^^^^ 

polyprotein. promes of the HCV polyprotein and the West Nile virus 

members o. ,h, fSvu,".!* ' '"^'''"^ '"^ '= 'o »"» 

Ch3>acl.,lg3ilon pi p„m|,e Polypepijaes Encodea Wilhin ih. Hf^ r^gc 

initiator MET coSon minus nu^^^^^^ "ucleot.do number l corresponds to the first nucleotide of the 

Th» , ne composite sequence shows the "sense" strand of the HCV cDNA 

sequenceTs'"so'lwn'in Ro °V''h'"''"'" "^'^ """"'^^ '^^"^ sense strand 

Posile oS^n Tm" ^" y-J^^'^ ^ "^Q'^s v^ith the putative initiator methionine, 

•he follow^no th^ no. '^•t^ '''''' polyprotein. as well as the approximate boundaries, are 

F^vivi us domain!- "^^"^'"^'^ P-entheses are those which are encoded in th^ 
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Putative Domain 


Approximate 
Boundary 


(amino acid 
nos.) 


"C (nucleocapsid proiein) 

"E" (Virion envelope prolein(s) and possibly matrix (M) proteins 

"NSl" (complement fixation antigen?) 

"NS2'' (unknown function) 

"NSa" (protease?) 

"NS4" (unknown function) 

"NSS" (polymerase) 


t-120 
120-400 
40O-bbU 
660-1050 
1050-1640 
1640-2000 
2000-? end 



It should bo noted, however, that hydrophobicity profiles (described infra), indicate that HCV diverges 
from the Flavivirus model, particularly with respect to the region upstream of NS2. Moreover, the 
boundaries indicated are not intended to show firm demarcations between the putative polypeptides. 

The Hydrophilic and Antigenic Profile of the Polypeptide 

Profiles of the hydrophilicity/hydrophobicity and the antigenic index of the putative polyprolein encoded 
in the HCV cDNA sequence shown in Fig. 16 were determined by computer analysis. The program for 
hydrophilicity/hydrophobicity was as described supra. The antigenic index results from a computer program 
which relies on the following criteria: 1) surface probability. 2) prediction of alpha-helicity by two different 
m thods: 3) prediction of beta-sheet regions by two diHerent methods; 4) prediction of U-turns by two 
dirterent methods; 5) hydrophilicity/hydrophobicity; and flexibility. The traces of the profiles generated by 
the computer analyses are shown in Fig. 20. In the hydrophilicity profile, deflection above the abscissa 
indicates hydrophilicity. and below the abscissa indicates hydrophobicity. The probability that a polypeptide 
region is antigenic is usually considered to increase when there is a deflection upward from the abscissa m 
the hydrophilic and/or antigenic profile. It should be noted, however, that these profiles are not necessarily 
indicators of the strength of the immunogenicity of a polypeptide. • 



Identification of Co-linear Peptides in HCV and Flaviviruses 

The amino acid sequence of the putative polyprotein encoded in the HCV cONA sense strand was 
compared with the known amino acid sequences of several members of Flaviviruses. The comparison 
shows that homology is slight, but due to the regions in which it is found, it is probably significant. The 
conserved colinear regions are shown in Fig. 21. The amino acid numbers listed below the sequences 
represent the number in the putative HCV polyprotein (See Fig. 17.) • k t 

The spacing of these conserved motifs is similar between the Flaviviruses and HCV. and implies that 
there is some similarity between HCV and these tiaviviral agents. 

The following listed materials are on deposit under the terms of the Budapest Treaty with the American 
Type Culture Collection (ATCC). 12301 Parklawn Dr.. Rockville. Maryland 20BS2. and have been assigned 
the following Accession Numt>ers. 
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lambda-gtl 1 


ATCC 
No. 


Deposit Date 


HCV cONA library 


40394 


1 Dec. 1987 


clone 81 


40388 


1 7 Nov. 1 987 


clone 91 


40389 


1 7 Nov 1 Qfl7 


clone t-2 


40390 


1 7 Nov 1 Qfl7 


clone 5- 1 - 1 


40391 


1 fl Nov 1 Qfl7 


clone 12f 


40514 


10 Nov. 1988 


clone 35f 


4051 1 


10 Nov. 1968 


clone I5e 


40513 


10 Nov. 1988 


clone Kg-1 


40512 


10 Nov. 1988 


JSC 308 


20879 


5 May 1988 


pS356 


67683 


29 April 1988 



In addition, the following deposits were made on 1 1 May 1989. 



Strain 


Linkers 


ATCC 
No. 


01210 (C11/5-t-t) 


EF 


67967 


D1210 (Cf1/81) 


EF 


67968 


D1210 (Cfl/CA74a) 


EF 


67969 


01 210 (Cfl/351) 


AB 


67970 


01 210 (C(1/279a) 


EF 


67971 


D1210 (Cfl/C36) 


CD 


67972 


D1210 (CM/13i) 


AB 


67973 


01 210 (CI1/C33b) 


EF 


67974 


01 210 (Cfl/CA290a) 


AB 


67975 


HB101 (AB24/C100 iS'SR) 




67976 



35 The following derivatives of strain 01210 were deposited on 3 May 1989. 



Strain Oerivative 


ATCC 




No. 


pCFlCS/CSf 


67956 


pCFlAB/C12f 


67952 


pCFlEF/14c 


67949 


pCFlEF/156 


67954 


pCFlAB/C25c 


67958 


pCFlEF/C33c 


67953 


pCFieF/C33f 


67050 


pCFlC0/33g 


67951 


pCFlCD/C39c 


67955 


pCFlEF/C40b 


67957 


pCFlEF/CAl67b 


67959 



The following strains were deposited on May 12. 1969. 

55 
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Strain 


ATCC 




Mi-i 


Lambda gtn(C35) 


40603 


Lambda gtl0{beta-5a) 


40602 


D1210 {C40b) 


67980 


D1210 (M16) 


67981 



The deposited materials mentioned herein are intended for convenience only, and are not required to 
practice the present invention in view of the descriptions herein, and in addition these materials are 
incorporated herein by reference. 

Industrial Applicability 
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The invention, in the various manifestations disclosed herein, has many industrial uses, some of which 
i.re the following. The HCV cDNAs may be used for the design of prot)es for the detection of HCV nucleic 
acids in samples. The probes derived from the cDNAs may t>e used to detect HCV nucleic acids in. for 
example, chemical synthetic reactions. They may also tye used in screening programs for anti-viral agents, 
to determine the effect of the agents in inhibiting viral replication in cell culture systems, and animal model 
systems. The HCV polynucleotide probes are also useful in detecting viral nucleic acids in humans, and 
thus, may serve as a basis for diagnosis of HCV infections in humans. 

In addition to the atxsve. the cDNAs provided herein provide information and a means for synthesizing 
polypeptides containing epitopes of HCV. These polypeptides are useful in detecting antibodies to HCV 
antigens. A series of immunoassays for HCV infection, based on recombinant polypeptides containing HCV 
epitopes are described herein, and will find commercial use in diagnosing HCV induced NANBH. in 
screening blood bank donors for HCV-caused infectious hepatitis, and also for detecting contaminated blood 
from infectious blood donors. The viral antigens will also have utility in monitoring the efficacy of anti-viral 
agents in animal model systems. In addition, the potypeptides derived from the HCV cDNAs disclosed 
herein will have utility as vaccines for treatment of HCV infections. 

Th polypeptides derived from the HCV cDNAs. besides the atx)ve stated uses, are also useful tor 
raising anti-HCV antibodies. Thus, they may be used in anti-HCV vaccines. However, the antibodies 
produced as a result of immunization with the HCV polypeptides are also useful in detecting the presence 
of viral antigens in samples. Thus» they may be used to assay the production of HCV polypeptides in 
chemical systems. The anti-HCV antibodies may also be used to monitor the efficacy of anti-viral agents in 
creening programs where these agents are tested in tissue culture systems. They may also be used for 
—passive immunotherapy, and to diagnose HCV caused NANBH by allowing the detection of viral antigen(s) 
in both blood donors and recipients. Another important use for anti-HCV antibodies is in affinity chromatog- 
raphy for the purification of virus and viral polypeptides. The purified virus and viral polypeptide prepara- 
tions may be used in vaccines. However, the purified virus may also be useful for the development of cell 
culture systems in which HCV replicates. 

Antisense polynucleotides may be used as inhibitors of viral replication. 

For convenience, the anti-HCV antibodies and HCV polypeptides, whether natural or recombinant, may 
be packaged into kits. 



so 
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Claims 

1. A recombinant polynucleotide comprising a sequence derived from HCV cDNA, wherein the HCV 
cDNA is in clone 13i. or clone 26j. or clone 59a. or clone &4a. or clone CAlSoe. or clone I67b. or clone 
pi 14a. or clone CA2l6a, or clone CA290a. or clone ag30a. or clone 205a. or clone 18g. or clone I6jh, or 
wherein the HCV cDNA is of a sequence indicated by nucleotide numbers -319 to 1348 or 8659 to 8866 in 

Fig. 17. 

2. A recombinant polynucleotide according to claim 1. encoding an epitope of HCV. 

3. A recombinant vector comprising the polynucleotide of claim 1 or claim 2. 

4. A host cell transformed with the vector of claim 3. 
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5. A recombinant exnro<:c,<^r^ . • • 

recombinant polynucleo t'de o h ' ^ °P°" '^^^'"9 '^^-e (ORF) o( DNA denved from the 

MiJiyoucieoiide of claim 1 or claim 2, wherein the ORF is ooerablv linkBri to a rnnir-^i 
compatible with a desired host uperaoiy imKea to a control sequence 

6. A cell transformed with the recombinant expression system ol claim 5 

7. A polypeptide produced by the cell of claim 6. 

of a seJuencolndSL'd b^nVciZH''"^ °"''°.''o '^^ "^V cDNA is 

M t>y nucleotide numbers -319 to 1348 or 8659 to 8666 in Fin 17 

compri^i raroToToN^rer r'T.v. '^"^'"^"^"^ ^'"^ ^ -to; 

derived from the HCV cONa . "L^T^to '^''^ ''^ comprised of a sequenco 

clone 33C or cfona 4nK '^'""^ CA279a. or clone CA74a. or clone .3i. or ctono CA290a or 

Hon! no ? • °' ^^''^ '^'""^ °' '^'^"^ Cone 33f or clone 33o or 

desTed hosr ^ '^^ ^"'^ ""^-^ '° ^ — ' -^--e comptb^ "Jh a 

A A 'a°a ^ *^°"^P^'s'"9 an HCV epitope, wherein the peptide is of the formula 

Wherein x and y designate amino acid numbers shown in Fig. 17. and wherein the peptide is selected from 
^sT^Lt^^nT °' ^'-^5. AA,-AA50. AA1-AA84. AA9-AA177. AA , - AA , 0. ^-AA20 >2^0 A^S 
AA35-AA45. AA50-AAI00. AA40-AA90. AA45-AA65. AA65-AA75. AA80-90 AA9guAAl^ AA« A^Cfn 
AA,05-AA,20. AA,00-AA,50. AA,50-AA200. AA,55-AA,70. AA190-A^,0 A^;^^ a^L'^^ 
^^^S^^^cl AA250-AA3OO. AA29O-AA330. AA290-305. ^AZOO-^^^^^' "^^"^^ 
AA380-AA395. AA405-AA495. AA4O0-AA450. AA405-AA415. AA415-AA425. AA425-AA«5 AA^^J^^S' 
AA450-AA500. AA440-AA460. AA460-AA470. AA475-AA495. AA500-AA55O AASiT^AaS^' 
AA550-AA600. AA550-AA625. AA575-AA60S. AA5aS-AA600 AABOO^JielS" J^^^^eS" ^^ZS^^S 
^.^TZl- TT^^"^- ^^OO-'^^SO. AA700-AA725. AA70(VAA750 ^^-^^s ^^0-^'^ 
^<S^^TJi- ^^'O-'^Q'S. AA825-AA850. AAa50-AA875. AA800-AA850. AA920-AA990 AA850-Ai^' 
A ; ^70-AA990. AA95O-AA10O0. AA,00(>-AA,060. ^W^yQ^ f^Zo- 

AA 050. AA,O25-AA104O. AA104O-AA,O55. AA1075-AAt 175. AAt050-AA1 200. AaXaA lOo" 
AA ,30. AAn40-AA,,65. AAI,92-AA1457. AA1 195- AA 1250. AA1200-AA1225 AAlLs^AA 2^" 2M- 
AA,300. AA1260-AA13,0. AA1260-AA1280. AA1266-AA1428. AA1300-AA1350 AA 290-AA 3 1 0 3^0 
^^!^^^- I^'^^^-'^'^S- AA,345-AAt365. AA1 350- AA 1400. AA1365-AA.S^: 4^5 
Z\ts ^\^.'T.\T!.- ^'^O-'^^^^S. AA1475-AA1515. AA,475-AA1500 AAlSOO-AAlSo! ^yZ- 
TM\r: ^'5,5-AA1550. AA,550-AA,600. AA 1 545-AA 1 560. AA,569-AA1931. AA, 570-AA1 590 AA,595- 
^ 720 i^l's^r^t:^^?' r'"^"-'^'"""- ^'«0-AA1690. AA,885-AA,770. AA,6a9.AAlS?: So- 
2o it Sn"^t o^^- ^t'^20-AA,745. AA,745-AA1 770. AA,750-AA,800. AA,775-AA,8,0. AA,795- 
^T^: T^^T.l^ AA,900-AA,950. AA,900-AA,920. AA,9,6-AA2021. AA,920-AA,940. AA,949- 
^11^ T.ol^:^^- '^'SSO-AAigeS. AA1980-AA2000. AA2000-AA2050. AA2005-AA2025. AA2020- 
^l^^^lf^ AA2045-AA2070; AA2054.AA2223. AA2070-AA210O. AA21 00- AA2 1 50 AA2,50- 
^^^2^0 ^^^^.'^^^1- '^200-AA2325. AA2250-AA2330. AA2255-AA2270. AA226S-AA2280. AA2280. 

^ ^300-AA2350. AA2290-AA2310. AA23 1 0-AA2330. AA2330.AA2350. AA2350- 

^o^^"^- '^345-AA241S. AA2345-AA2375. AA2370-AA2410. AA2371-AA2502. AA2400. 
^^550 ^o^^^V^r: ^*^5-AA2450. AA244S-AA2500. AA2445-AA2475. AA2470-AA2490. AA2S0O. 
^^^820 it?Sn*tt?«^;' ^"5-AA2560. AA2550-AA2600. AA2560-AA2580. AA2600-AA2650. AA2605- 
^o^^^^^- '^^^-^eeO. AA26S0-AA2700. AA2655-AA2670. AA2670-AA2700. AA2700- 
^J^' t^r°"'^'^^°- AA2750-AA2800. AA27S5-AA2780. AA2780-AA2830. AA27B5-AA2810. AA2796. 
l^S^' '^«»-AA2850. AA2850-AA2900. AA2a50-AA2865. AA2885-AA2905. AA2900- 

AA2950. AA29 1 0- AA2930. AA2925-AA2950. AA2945-end(C' terminal). 
1 1. A Dolvr>©Qiidfi comDriSiBd o( the peptide of claim 10. 

1^. An immunogenic polypeptide attached to a solid substrate, wherein the polypeptide is according lo 
claim 7. or claim 8. or claim 9. or claim ,0. or claim 11. or wherein the polypeptide is comprised of an 
epitope encoded within HCV cDNA wherein the HCV cONA is ol a sequence indicated by nucleotide • 
numbers -319 lo 1348 or 8659 to 8866 in Fig. ,7. 

13. A monoclonal antibody directed against an epitope encoded in HCV cDNA. wherein the HCV cDNA 
•s ol a sequence indicated by nucleotide numbers -319 to 1348 or 8659 lo 8866 in Fig. ,7 or is ihe 
sequence present in clone 13i. or clone 26i. or clone 59a. or clone 84a. or clone CA156e. or clone ,67b or 
clone p. 14a. or clone CA2l6a. or clone CA290a. or clone ag30a. or clone 205a. or clone 18g. or clone I6jh. 

14. A preparation of purified polyclonal antibodies directed against a polypeptide comprised of an 
epitope encoded within HCV cONA. wherein the HCV cONA is of a sequence indicated by nucleotide 
numbers -319 lo 1348 or 8659 lo 8866 in Fig. 17. or is the sequence present in clone ,3i. or clone 26, or 



37 



f 



EP 0 2SS 232 A1 



clone 59o. or clone 84a. or clone CA156e. or clone l67b. or clone piHa. or clone CA2l6a. or clone 
CA>290a. or clone ag30a. or clone 205a. or clone I8g. or clone l6jh. 

15. A polynucleotide probe tor HCV. wherein the probe is comprised of an HCV sequence derived from 
an HCV cONA sequence indicated by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17. or from 

5 \he complement of the HCV cDNA sequence. 

16. A kit (or analyzing samples for tho presence of polynucleotides from HCV comprising a poly- 
nucleotide probe containing a nucleotide sequence of about 8 or more nucleotides, wherein the nucleotide 
sequence is derived from HCV cDNA which is of a sequence indicated by nucleotide numbers -319 to 1348 
or 8659 to 8666 in Fig. i 7. wherein the pofynucleotido probo is in a suitablo containor. 

id ^7. A HiX ror a/ialy«irtg samples for ine» p»^3onco of an MCV oniigon eompria*rtg ort ofi(itx>«*y wrwcrt 

reacts immunologically with an HCV antigen, wherein the antigen contains an epitope encoded within HCV 
cONA which is of a sequence indicated by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17. or 
wherein the HCV cDNA is in clone 13i. or clone 26i. or clone 59a. or clone 84a. or clone CA156e. or clone 
167b. or clone pi 14a. or clone CA2l6a. or clone CA290a. or clone ag30a. or clone 205a. or clone 18g. or 
clone l6ih. 

18. A kit for analyzing samples for the presence of an HCV antibody comprismg an antigenic 
polypeptide containing an HCV epitope encoded within HCV cONA which is of a sequence indicated by 
nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17. or is in clone 13i. or clone 26j. or clone 59a. or 
clone &4a. or clone CAl56e. or dona l67b. or clone pil4a. or clone CA2l6a. or clone CA290a. or clone 
, ag30a. or clone 205a. or clone I8g. or clone I6ih. 

19 A kit for analyzing samples for the presence of an HCV antibody comprising an antigenic 
polypeptide expressed from HCV cONA in clone CA279a, or clone CA74a. or clone 13i. or clone CA290a. or 
clone 330 or clone 40b. or clone 33b. or clone 25c. or clone 14c. or clone 8f. or clone 33f. or clone 33g. or 
clone 39c. or clone 15e. wherein the antigenic polypeptide is present in a suitable container. 
25 20. A method for detecting HCV nucleic acids in a sample comprising: 

(a) reacting nucleic acids of the sample with a polynucleotide probe for HCV. wherein the probe is 
comprised of an HCV sequence derived from an HCV cDNA sequence is of a sequence indicated by 
nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17. and wherein the reacting is under conditions 
which allow the formation of a polynucleotide duplex between the probe and the HCV nucleic acid from the 

00 sample, 

(b) detecting a polynucleotide duplex which contains the probe, formed in step (a). 
21. An immunoassay for detecting an HCV antigen comprising: 

(a) incubating a sample suspected of containing an HCV antigen with an antibody directed against an HCV 
epitope encoded in HCV cDNA. wherein the HCV cONA is of a sequence indicated by nucleotide numbers 

J5 -319 to 1348 or 8659 to 8866 in Rg. 17. or is the sequence present in clone 13i, or clone 26j, or clone 59a. 
or clone &4a. or clone CA156e, or clone 167b. or clone pi14a. or clone CA216a, or clone CA290a. or clone 
ag30a. or clone 205a. or clone l8g. or clone 16ih. and wherein the incubating is under conditions which 
allow formation of an antigen-antibody complex: and (b) detecting an antibody- an tig en complex formed in 
step (a) which contains the antibody. 

4Q 22. An immunoassay for detecting antibodies directed against an HCV antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies with an antigen polypeptide 
containing an epitope encoded in HCV cONA. wherein the HCV cDNA is of a sequence indicated by 
nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17. or is the sequence present in done 13i. or 
clone-26i or clone 59a. or clone 84a. or clone CA156e. or clone 167b. or clone pi14a. or clone CA2l6a. or 

45 clone CA290a. or clone ag30a. or clone 205a. or clone l8g. or clone V6ih. and wherein the incubating is 
under conditions which allow formation of an antigen-antibody complex; and 

(b) detecting an antibody-antigen complex formed in step (a) which contains the antigen polypeptide. 

23 An immunoassay for detecting anUbodies directed against an HCV antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies with the polypeptide of claim 9. 
so under conditions which allow formation of an antigen-antibody complex: and 

(b) delecting an antibody-antigen complex formed in step (a) which cont:i:ns the antigen polypeptide. 

24 A vaccine for treatment of HCV infection comprising an immunogenic polypeptide containing an 
HCV epitope encoded in HCV cDNA. wherein the HCV cONA is of a sequence indicated by nucleotide 
numbers -319 to 1348 or 8659 to 8866 in Fig. 17 or is the sequence present in clone or clone 26,. or 
Clone 59a. or clone &4a. or clone CAl56e. or clone 167b. or clone pil4a. or clone CA216a, or clone 
CA290a or clone ag3Ca. or clone 205a. or clone i8g, or clone l6ih. and wherein the immunogenic 
polypeptide is present in a pharmacologically effective dose in a pharmaceuticaily acceptable exc.p.ent 

25 A method for producing antibodies to HCV comprising administering to an individual an isolated 
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.mmuhogen.c polypeptide containmg an HCV epitope encoded in HCV cONA. wherein the HCV cDNA is of 
a sequence indicated by nucleotide nunnbers -319 to 1348 or 8659 to 8666 in Fig. 17. or is o( the sequence 
present in clone CA279a. or clone CA74a. or clone 13i. or clone CA290a. or clone 33C or clone 40b. or 
clone 33b. or clone 25c. or clone Mc, or clone 8f. or clone 33r. or clone 33g. or clone 39c. or clone 15e. 
and wherein the immunogenic polypeptide is present in a pharmacologically etfecltve dose in a pharmaceu- 
ttcally acceptable oxcipieni. 

26. An antisense polynucleotide derived from HCV cONA. wherein the HCV cDNA is that shown in f^ig. 

27. A method for preparing purified fusion polypeptide C 100-3 comprising: 

(a) provrding a crude ceii fysate containing pofypepiide 0 00-3. 

(b) treating the crude cell lysate with an amount of acetone which causes the polypepltd to 
precipitate. 

(c) isolating and solubilizing the precipitated material. 

(d) isolating the C 100-3 polypeptide by anion exchange chromatography, and 

(e) further isolating the C 100-3 polypeptide of step (d) by gel filtration. 

28. A method for preparing an HCV polypeptide comprising: 

(a) providing a host cell transformed with a recombinant expression system comprising an open 
reading frame (ORF) of DNA derived from HCV cDNA. wherein the HCV cONA is in clone I3i. or clone 26/. 
or clone 59a. or clone 84a. or clone CAl56e. or clone 167b. or clone piHa, or clone CA216a. or clone 
CA290a, or clone ag30a. or clone 205a; or clone 18g. or clone 16ih. or wherein the HCV cDNA is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17. wherein tho ORF is 
operably linked to a control sequence compatible with a desired host; and 

(b) incubating the host cell under conditions with allow expression of the HCV polypeptide. 

29. A method for preparing an immunogenic HCV polypeptide comprising: 

(a) providing a host cell transformed with a recombinant expression vector comprising an ORF of 
DNA derived from HCV cONA. wherein the HCV cONA is compriseo of a sequence derived from the HCV 
cONA sequence in clone CA279a. or clone CA74a. or clone 13i. or clone CA290a. or clone 33c. or clon 
40b. or clone 33b. or clone 25c. or clone 14c. or clone 8f. or clone 33f, or clone 33g, or clone 39c. or clone 
15e. wherein the 06F is operably linked to a control sequence compatible with the desired host: and 

(b) incubating the host cell under conditions which allow expression of the HCV polypeptide. 

30. A method for preparing a host cell transformed with a recombinant polynucleotide comprising a 
sequence of HCV cDNA derived from the HCV cDNA in clone 13i. or clone 26j. or clone 59a. or clone a4a. 
or clone CA156e. or clone 167b, or clone piI4a. or clone CA216a, or clone CA290a, or clone ag30a. or 
clone 205a, or clone 18g. or clone 16jh, or wherein the HCV cONA is of a sequence indicated by nucleotide 
numbers -319 to 1348 or 8659 to 8866 in Fig. 17 comprising: 

(a) providing a host cell capable of transformation; 

(b) providing the recombinant polynucleotide; and 

(c) incubating (a) with (b) under conditions which allow transformation of the host cell with the 
polynucleotide. 

31. A method for preparing a recombinant polynucleotide comprised of a sequenca of HCV cONA 
derived from the HCV cDNA in clone 13i. or clone 26j, or clone 59a. or clone 843. or clone CA156e. or 
clone 167b. or clone pi 14a. or clone CA2l6a. or clone CA290a. or clone ag30a, or clone 205a, or clone 18g. 
or clone 16ih. or wherein the HCV cONA is of a sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Rg. 17 comprising: 

(a) providing a host cell transformed with the recombinant polynucleotide: and 

(b) isolating said polynucleotide from said host ceil. 

32. A method for preparing blood free of HCV comprising: 

(a) providing a sample of blood suspected of containing HCV and anti-HCV antit^odies: 

(b) providing an immunogenic polypeptide prepared according to claim 28 or 29; 

(c) incubating the sample of (a) with the immunogenic polypeptide of (b) under conditions which allow 
the formation of anlibody-HCV polypeptide complexes; 

(d) detecting the complexes formed in step (c); and 

(e) saving the blood from which complexes were not detected in (d). 

33. A method for preparing blood free ol HCV comprising: 

(a) providing nucleic acids from a sample of blood suspected of containing HCV polynucleotides; 

(b) providing a probe for HCV. wherein the probe is comprised of an HCV sequence derived from an 
HCV cONA which is of a sequence indicated by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 
17. 
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(c) reacting (a) with (b) under conditions which allow the formation of a polynucleotide duplex 
between ihe probe and the HCV nucleic acid from the sample; 

(d) detecting a polynucfeotide which contains the probe, formed in step (c); and 

(e) saving the blood from which complexes were not detected in (d). 

s 34. A method for producing a hybridoma which produces anti-HCV monoclonal antibodies comprising: 

(a) immunizing an individual with an immunogenic polypeptide containing an epitope encoded in HCV 
cONA. wherein the HCV cDNA is HCV cDNA in clone I3i. or clone 26]. or clono 59a. or clono 84a. at clone* 
CAlSSe. or clone 167b. or clono pi 7 4a. or ciono CA2l6a. or clone CA2gOa, or clono agOOo. or c/on« 20Sa. 
or clone 18g. or clone 16jh. or wherein the HCV cONA is of a sequence indicated by nucleotide numbers 

10 -3t9 to 1348 or 8659 to 8866 in Fig. 17: or 

(b) immunizing an individual with an immunogenic polypeptide prepared according to claim 29: 

(c) immortalizing antibody producing ceils from the immunized individual: 

(d) selecting an immortal cell which produces antibodies which react with an HCV epitope in th 
immunogenic polypeptide of (a) or (b); and 

'5 (e) growing said immortal cell. 
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Translation of ONA i2e 



TACTi 



CCGACCT 
< 

LeuLeuThrThrThr^lnTrpGl— •- «*TTOCCA 




SerThrClvr- 'TTC<ICATGGTCGGA 



Val 
TTGTATC 
AACATAG 



FIGURE 1 
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CCCCACCAACAC 

ro 



rcG 

fAGC 



riGL-R£ 2-1 



EP 0 388 232 A1 



TCGACCATTATGAATTACGTCGTXCGGJ^aSJSSca^^ 



AGATGCCCTACACCGGAGAGGACaACGAGCACAACCCCAAQWCGTCGCCCCCAT^ 



GAGACACTGGTATAATGTTCGCGATATACTCGACCACGAACACcJScGltdTa^TSSAG 



i?^SS^c^S^^^:^r^^5^S5^'^^^'^=<^*'^'=CCCCCTau^CGTCCGAGGCCGGC 
ACTCGTCTCACCTTCGCGTTGACGTGCACS.CCTAACGGCGCGAGrrGCAGGCTCCCCCCG 

CGCTGCGACAGTACAATGAGTACACACCACATGTGGGCTGACACCATAJUkCTGTACTGCT 

Le uI.«aL«uAi » v« 1 p heG I y P roL«uTrp I l«L«uG InAl * 
AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG 
TTAACGACGACCGGCAGAACCCTGGGGAAACCTAACAAGTTCGGTC 



FIGURE 2-2 



EP 0 388 232 A1 



Translation of dna 13, 



^ '•GCTCTCG 



FIGURE 3 
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Tranjlation of dka 13i 




TAG 



;accttcgacgcacgttcacctgcgccccgc 



7 Z Overlap vith 12 £ 



FIGURZ 4 
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Translation of DNA 26j 

iiiiigiiSigiiiiic 



riGU'Ri: 5 
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Translation of DNA CA59a 

Overlap with 26j 

Overlap with X9-1 ~ 



FIGURE 6 
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Translation of ONA CAa^* 



121 



181 



2m 



^hl'sl^Hllv^Sllll ^^'^^ CCCTATCCCA 



cc 



riGL'RZ 7 



EP 0 388 232 Al 



Tranaiation of DNA CA156« 



^CCATCACCGAGTCGA 



3 01 GCTCCGGATCCCAC AAGCC 
CG ACG.CC.TAGGGTG TTCGG 



FIGURE 8 
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TrAnalAtion of DMA CA167b 

/-I "7 Overlap with CA156« 

CGTGGCGGACTTGTGCGGGTCTGTCTTTCTTG 
GCACCCCCTGAACACGCCCAGACAGAlAGiAC 



FIGUR£ 9 
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'^"a^laUon of EKA 



^^^^^^^ 

01yA«aAl»j*rJlrgCy 



FIGURE 10 
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f-r^iS?^^^P'*'t3Ar«Aj-Jr*'I • 



FIGURE 11 
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''"•iitl.sn of DMA .530. 



'*^"*'"^'^'^^''">..-«.l„lr:l^l„ 

2_ ^ ^*"'"^^"^"^--°lyv.iAr,Al-Thr 

^^1IgI2ISJ22Agj§^^ 

, ^^^'^-^^l"'^^'='^l«P«Ly,AI*Ar, 

^^'^^"^'PP*^2^uT3rr«lyA«aGlu 

481 GTCRGCCCCAGGGCAGGA-C^ri^f "^"^^ CA290* , ^ 



riGURZ 12 -1 
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^^2" _"^'^""-""'"--i"»'"'«i-uThxcr„:ii, 



551 GCTTC 



" - Start or lor„ kcv or? 



I 

I 
I 

i 
I 



FIGURZ 12-2 
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I2X 




r.i,.»~.ri-._r Ormxiao with CAa»0* 




riajRE 13 
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Tr^Utlco of DUX 18 



S 



♦PjToProop 



Ov«rl*p wrtth *i7304 

»MetPr=GlyX*pL«UJlyv«lProProGlnJUpCysAM " 

^^^^^^^^^^^^^^^ 



2*1 



201 CTCGTAGA 
CACCATCT 



• - Start of lonj HCY ORF 



a tra 



nalatlonal regulatory rol«). 



FIGUR£ 14 



Translation of DNA 16 jh 
-Ov«irlap with 15e 



Giy 

AiaValArgThrLysLcuLys 
G C AG T AAG AACAAAG CTCAAAC 
CGTCATTCTTGTTTCGAGTTTG 



• - nucleotide heterogeneity 



FIGURE 15 
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CC.-<3lNED_CRF_0r_DNAs pLUi THROUGH L5<, 

8h/33c/.Ob/37b/35/3./Bl/3V33b/25c/Uc/af/33ir/33g/3,c/ 
35ir/19g/26g t. 15,^ 

ProAT-rf>,.«u< ^^^^ , _ 




CACGACCGCCCGTATCCCATAAAGAGCTACCACCCcSS??E§Si^S^gig^ 

gacgaccataaacgcccccagctgcccctttc<;gtgcagtgcccccctt^^ 



FIGURE 16-1 
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90i 



961 



- ^^^^^^^^ 
^^^^^^^^^ 

CTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGrrAACCAAGCCAACATGCACC 



.261 



1321 



01 



.561 



1621 



1681 



17*1 



laoi 



AGAGCCACGCCGAGGCCACGGACCTAGTGTGGGTCCACGGACCACCTGATGCGCATATCC 

^^^-^r^i?^J^^2SXiT!l5f^^^"'^^'^^^^«P'^«^y»Il«^7M«tT7rValGl 
rITI^^n^;TS5"^^*^"'^^^'^A^*CCATATTTAAAATCAGGATCTACGTGGGA 
CAAACCGTAATAGGAACATGGTACrrGATGTGGTATAAArrrrAGTCCTACATGCACCCT 

CCCv-AG^.TGTCTCCGACCTTCGACG<lA.CGTTGACCTGCCCCCCCCTTGCA^ 

CTTCTGTCCCTGTCC^GCCTCGAGTCGGCC^ATGACCUCTCCT^ 

L<uProCy3SerPheThrThrL«uProAlaLouSerthrGlyL«uIleHiiL«uHl3GLn 
CTCCCGTGTTCCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCAG 
GAGGGCACAAGGAAGTGTTGGGATGGTCGGAACAGGIGGCCGGAGTAGCTGGAGGTCGTC 

A5nILeVdlA3pVilGlnTyrLeuT7rGlyValGlyS«rS«rIleAlAS€rTrpAlAHe 
AACATTG TCG ACG TGCAG T ACTTGT ACG<K:G TGGCGTCAAGCATC^ 
TTGTAACACCTGCACGTCATGAACATCCCCCACCCCAGTTCGTAGCGCAGGACCCGGT^ 

LyaTrpGluT7rVilValL^uL«uPheI^ur^uJ>uAlAAjpAlaArgValCysSert^ 
AAGTCCCAGTACCTCGTTCTCCTGTTCCTTCTGCTTCC^ 



FIGURE 16-2 
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Jy;i-ri^?Iy?xi.s«rrrpcv.L-uT^^ 



20 



2221 



22a: 



2401 c?r^i?5Jtyir2^uAr,PheCy,xlar^u^ _ _ 



252; 



258: 



FIGURE 16-3 
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- ^^^^^^^^^ 



3001 
3061 
3121 
3 181 
32H1 



3421 



3481 



3601 '^^T^i^ii'iii'^kil^S.^i^^^ 

Ac^cxccxolSc^cToo^xS-i™^^ 

GXTCGXCTCXGACGCCCCCGCXCTCACCAACACcIaSSSSSSSS^ 

CAGTGAC\Cv.GCOXAGCwTXCXACCXCCTCCAACGAGACAMTWTGGCCTCTCXACG<:A 
TTTTACGCCAAGC CXA - CCCCCXCCAAGXAAXCAAGOGCGGGACACAXCXCATCXTCXCX 



FIGURZ 16-4 
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510 



5161 



522 



5281 



54 61 



5701 S^iU'J§^g?J?o%'JjI^?^J«^lg.«Hl^^ 

1 -™=^i2i^^?^?SLST«'i;ic%^?^^^i;ij^^^^^^ 



FIGL;R£ 16-6 
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58 21 



5001 
5061 
6121 
6131 




6661 
6721 



FIG'JR£ 16-7 
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ftGUR£ 16-8 
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CCC««c:=TC--ACCCCCC=CTCCCCc:c*T=ACT=™„C<:*C*CO.I^IC„.„,;, 



FIGURE 16-9 
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-J19 
-2S9 
-199 
-139 

- 79 

- 19 



61 



121 



131 



241 



301 



541 



501 



661 



0\CCAGACGCCTTGGCCACTCA7GTGGCC7TAACGGTCCTGCTCGCCCAGGAAAGAACCT 

GTCTCGTAGACCGTGCACC 
CACAGCATCTGGCACGTGG 

Arg Thr 

MetSerTlvrA5nProLyaPrcGiaLysLyaA3£iZ,7aArQAanThrAarLAj-aAr-tTP,-ori« 

atgagcacgaatcctaaacctcaaaLuJaaacaIacgtaI^S^^?^Icc^ 

tactcgtgcttaggatttggagttttttttitgtttgcaS§^^cg§S^S? 

AapValLycPheProGlyGlyGlyGlnHoValGlyGl7ValTvrreur^..PT-r,a^r,Ar.^ 

gacgtcaagttcccgggtcgcggtcagatcgttggt^agtSctI^ccg?^?^^ 

CTGCAGTTCAAGGGCCCACCGCCAGXCTAGCAACcI?HT?niTCS?S^§S?G^ 




tctgc:agtcggataggggttccgagcagccgggctccc5^cctcS?cc^SSg§§ccc 

TTTProTrpProLcuTyrGlyAanGluGlyCysGlvTrpAlaGlyTriJLeuLauSai-Pro 




GCACCGAGAGCCGGATCGACCCCGGGCTGTCT<MGGGCCGCATCCAGScSi^^ 

r,^-, ^■^^y*i^^^^P'f*^^*"'r*^CyeGlyPheAlaAflpI.eii>l«tGlTTyrIlaProL^^ 
^ ^ ^ 5^fiSST5^T<=SATACCCTTACGTGCGGCTTCGCCGAc6T05GGGGT^iS 

TXCCAGTAGCTATGGGAATGCACGCCGAAGCGGCTGGAGTACC^i^JiScGJiSG 

GlyAlaProLeuGlyGlyAlaAlaArgAlaLeuAlaHlsGlyValArqValLauGluAsD 
ggcgcccctctiggaggcgctgccagggccctggcgcatggcgtccIgg?^ 

CCGCGGGGAGAACCTCCGCGACGGTCCCGGGACCGCGTACCGCAGGCCCAAGACCCTCTC 

Th-T 

4 81 GGCGXGAACTATGCAAGAGGGiL\CCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCTGGCC 
CCGCACrTGATACGTTGTCCCXTCGAAGGACCAACGAG^ 



LeuX^euSerCyar^uThrValProAaaSerAlaTyxClnValArgAanSarThrt 

CTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCTACCAAGTGCGCAACTCCACGGGGCTT 

GACGAGAGAACGAACTGACACGGGCGAAGCCGGATGOTTCACGCCTTGAGGTCCCCCGA^ 

TyrHisValThrAaoAspCyaProAanSerSexIleValTyrGluAlaAlaAapAlallo 
TACCACGTCACCAATGATTGCCCTAACTCGAGTAITGTGTACGAGCCGGCCGATGCCATC 
ATGGTGCAGTGGTTACTAACGGGATTGAGCTCAXAACACATGCTCCGCCGGCTACGGTAG 

LeuHlsThrProGlyCyaValProCyeValArgGluGlyAaoAlaSerArgCyaTrpVal 
CTGCACACTCCGGGGTGCGTCCCTTGCGTTCGTGAGGGCAACGCCTCGAGGTGTTGGGTG 
GACGTGTGAGGCCCCACGCAGGGAACGCAAGCACTCCCGTTGCCGAGCTCCACAACCC^ 



Fig 
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721 



aSCrACTCKKSGATCCCACCGGTGGTCCCTACCGTTWAGGGGCGE^GcSTcSGS??! 

781 cj^catcgaxctgcttgtcgggagcgccaccctctcttcggccctctaStcIs^ 

GTG7AGCTAGACGAACAGCCCTCGCGGTGGGAGlESaCci§SSG?I^C^^^ 
ACGCCCAGACAGAAAGAACAGCCGGTTGACAAGTGGAAGAGAGGGTCCGWGTcI?^ 

TGCGTTCCAACGMAACCyU5ATAGATAfiGGCCGGTATATTCc5SA^55S?^I^ 

Val 

CKTOTICMIAaAACCTSTACIMMACCAOaGIGACCCCICASAC^ 

108' 5iS?iiS^J?J?i?tf?isSSj^T;X^"^""'^'^'^uri><«»i«sly 



1141 




17*2 



1261 





GGGGAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGGTTGCCT^ 



1441 



1501 



IS61 



15 21 




CTGGTCGCGGGGATGACGACCGTSATGGGGGGTTTTGGAACGCCATJ^^ 




ii3 i\a I\3'i^XCCGGIATATTGCTTCACTCCCAGCCCCGTGGTGGTGGGAACGACCGAC 
TCJi^CACACACCyUSGCCATATAACGAAGTCAGGGTCCGGGCACCM 




TCCAGCCCGCGCGGGTGGATGTCGACCCCACTTTTACTATGCCTGCAGAAGCAGGAATTG 

AsnThrArgProPrcLeuGlyAfinTrpPheGlyCysThrTrpMfitAsnSerThrGlyPft© 
AATACCAGGCCACCGCTGGGCAATTGGTTCGGTTGTACCTGGATGAACTCAACrGGATTC 
TTATGGTCCGGTGGCGACCCGTTAACCAAGCCAACATGGACCTACTTGAGTTGACCTAAG 
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Leu 

GGGACCTAGTGTGGGTCCACGGACCAGCTGATGGGCATATCcSSEcc^ 




TGGTAGTTG. 



atctcgtaiaaattttagtcctacaixscaccctccccagcmSgtcc^ 




TCC 



I^ttcgacggacgttgacctgcgccccgcttgcaacgctagaccttctgtcSS^^ 



ctcgagtcgggcaatgacgactggtgatgtgtcaccgtccaggagggSca^ 

|||A?S^C^fTC^^^^Si?S^ 
TGGGATGGTCGGAACAGGTGGCCGGAGlMGTCGAfiGTGGTCTTCT 

atgaacatgccccaccccagttcgtagcgcaggaccSSStt^^ 
gaggacaaggaagacgaacgtctgcgcgcgcagacgaggacgaacacctactacStga^ 

^-^agggttcgcctccgccgaaacctcttggagcatiaicaattacgtcgtagggaccgg 

gggacgcacggtcttgtatccttcctcgtgttcttctgctttgSt^ 
ccctgcgtgccagaacataggaaggagcacaagaagacgaaacgtaSataaactt^ 

aagtgggtgcccggagcggtctacaccttctacgggatgtggcctctcctcctgctcctg 
ttcaccc^cgggcctcgccagatgtggaagatgccctacaccggagaggaggacg^ 

LeuAlaLeuProGlnArgAlaTyrAlaLeuAflpThrGluValAlaXlaSerCysGlTGly 
ttggcgttgccccagcgggcgtacgcgctggacacggaggtggccgcgtcgtgtggcggt 
aaccgcaacg5ggtcgcccgcatgcgcgacctgtgcctccaccggcgcagcacaccgcca 

ValVall^uValGlyl^uMetJaaLeuThrlxBuSerProTVTTyrLysArgTvrlleSer 
GTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGC6CTATATCAGC 
CAACAAGAGCAGCCCAACTACClSaaACTGAGACAGTGGTATAATGTTCGCG^ 

Ass 

TrpCyel/euTrpTrpLeuGlnTyrPheLeuThrXrgValGluAlaGlnLeuHiBValTrp 
TGGTGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGG 
ACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTGCACACC 

1 1 ePr OP roLeuAs nValArgGlyGlyArgAspAla Va 111 eL-euLeuMetCy a Al aval 
ATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGCTGTA 
TAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAAtTGAGTACACACGACAT 



rig. 17 
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HifiProTKrLeuValPh£AjipIleThrLyaLouI^uI^uAlAValPheClyProL*»u'^ 

gtcggctoagaccataaactgtagtggtttaacgacgaccggcagaaSct^ggga^ 



TAAGAAGTTCGGTCAAACGAATTTCATOMATGAAACACGCGCAGGTTC 



a^TGCGCGTTAGCGa3GAAGATGATCGGAGGCCATTA?a?GC^ 
AAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACC^ 

I^uGlyAlaI^uThrGlyThrTyrVaaT7rAsnHlal^uThrProJ.euAjroAaDTVT^A 

pAGGGGCGCTTACTGGCACCTATGTrTATAACCATCTCAC^cJS^^SSS^^ 

AATCCCCGCGAATGACCGTG<:ATACAAATATTGGTAGAGTX3AGGAGAAGC^ 

HiaAanGlyl^uArgAjspI^uAlaValAlaVaaciuProValValPheSeurGlnMe 

TGGTTCGJUSTAGTGCACCCCCCGTCTATCGCGGCGCACGCCACTGTAGTAGTTC^ 
^^^*-'-^*^"'^^^^5^^y^9GluIleI^uLeuGl7ProAlaABpGlvMetValSe^ 

TTCCCCACCTCCAACGACCGCGGGTAGTGCCGCATGCGGGTeGTCTGTTCCCCGGAGGAT 

Si^^S-'-'^^-'-^'^'^^^^^^^^^ly^^PLyaAanGlnValGluGlyGluValGln 
?SSTSS^?^TS!i^^^^^^^^^^^<5GGACAAAAACCAAGTGCAGGGTGAGGTCCAG 
CCCACGTATTAGTGGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTC 

fi™i^^^^'^^°^'^'^^P^<=^^aThrCyalleAanGlyValC7sTrpTh^ 

JT?S?STS^^^'^^^^^^^'^'^cctgg<:aacgtgcatcaatggggtgtg^ 

TAACACAGTTGACGACGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACCTGA 

CAGATGGTGCCCCGGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTAC 

_ Sox Thr 

TyrThrABnValAflpGlnAflpLftuValGlyTrpProAlaProGlnGlySexArqSerLeu 
TATACCAATGTAGACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTG 
ATATG<3TTACATCTGGTTCTGGAACACCCGACCGGGCGAG<3CGTTCCATCG<:CXSAGTAAC 

ThrProCyaThrCyaGlySarSerAspLeuTyrLouValThrArgHlaAlaAspVallle 

ACACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGOTCACGAGGCACGCCGATGTC^ 

TGTGGGACGTGAACGCCGAGGAGCCTG<1AAATGGACCAGTGCTCCGTGCGGCTACAG^^ 

ProValArgArgArgGlyAapSexArgGlySerLeviLeuSerProArgProileSexTyr 
CCCGTGCGCCGGCGGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTAC 
GGGCACGCGGCCGCCCCACTATCGTCCCCGICGGACGACAGCGGGGCCGGGTAAAGGATG 

LeuLy9GlyS£xSQrGl7GlyProLeuL«uCyeProAlaGlyHiaAlaValGlyIlePhe 
TTGAAAGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCATATTT 
AACTTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCGCCCCGTGCGGCACCCGTATAAA 

^^^^^S^^'^'-'^lCj'sThrAxgGlyValAlalysAiiValAspPhelleProValGluAan 
AGGGCCGCGGTGTCCACCCGTGGAGTCGCTAAGGCGGIGGACTTTA^CCTGTGGAGAAC 
TCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCCACCTGAAAIAGGGACACCTC^TG 
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™x«ACCCGAAACCACGAAffig,^??SSI?=gJ^CCAXC^^^ 

CCCCACXCXTGXXAATaOX«ACcg??J§§SI,^«^?S§S§S^§??§??gIf=o^^ 
CGGCXGCCGCCCACGAnCCCCC?§?SISlJ*IJ^ISS?^|^^CCACTCC 

IGCCXACCOX,=XAGGXAGAAC??SJ^??|?«^ISSSG=???iJg?g?gIg=^^ 
CGCXCIGACCAACACGAGCGGTGG?§l^i§§gSS^gIl?IgJgJ^C«CAX^CC 



3841 



39 




CXGCTXGAGCGCCGXTTcS?i?S???gISiIgg§=J«=ggJCTW^ 



4261 



4321 

4381 
4441 




CGACACAGGGCGICAGTTC<:AGCCCcg?S?TCl|^ScCCCc"g§???§^A^^ 




a 

TGC 

CAGGAGACACTCACG 



Fig. 
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:GGTAGCACCCl^TCTACACCTlS?HI^i§gIi?^^«?g=gJgfAT^ 
^^^^^^^^ 

TAIc:^CCCGTCCCACCAGAACAGGCCCTICG55S5??^ATCiIg^ii^?Sg 



ATGGCTCTCAAGCTACTCTACCTTCTO:CGAGA^TCGTGAATC 



CATGTAGCTCGTT 



rACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCs5X55i5S5¥MMSi§ 




:GCITCGTATACACCTIGAAGIAGl<:ACCCTAiS^JI?SIi^§^gJJ^J^ 

;GACCATTGGGGCGGTAACGAAGTAACTACCGSIi?S^^GJ?^^^i^^ 
PKrThxSerGlnThrl/suLeuPheAsnlleLeuGlvGlvTrpVal^ r^r^^^ 

^^S£?^^j'^'^=ThrAlaPheValGlyAlaGlyLeuAlaGlyAlaAlall©Glv 

>cccccggtgccgctactgcctttgt<:ggcgctgocttagctggcgccgccatcggc 

.GoGGGCCACGGCGATGACGG>>J.CACCCGCGACCGAATCGACCGCGGCGGTAGCCG 
'alGlyLeuGlyLyaValLeuilaAepIleLeuAiaGlyTyrGlyAIaGlyValAla 
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>-w<-i..bACCCCTICC,l,„ACTATCTGrAGGAACGICCCATACCGCGCCCGcJcCGC 
CGTCGAGA.C>CCGrAAGTTciL"^A^i?c'2~I§,-™ 

■ "-"IGACGGGCGCTAGGAG^'g?SgG"???S?A%^^?^i^?Sg;^-g^^g 
rAreACGCGGCCGIGCAACCGCGCCCGCI^CcgOTS?g?S??JI?J^=«=g?iS 



5761 



5821 




CIGGICACCTATTCGAGCCTcISJgggJ§SS§^=S«CTA«GG^^^^ 

GGTGICGACGGACCCTAGGGGAAAcIiJ§gI^g^g=§«g[*JJ^«§««J§K^Cg 
Gly 

TTGCCCIGCTACTCCIAGCAG^?A§SIJiiJggSg?g^I|J«g*=J|=gA^^ 




61 _ 



-~-">-wv.wvawAiiiAA\,X^«_AAt 

AAAAAGTGTCTTAACCTGCCCCACGCGGATGTATCCAAACGCGGGGGG^CG^^ 
GACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCTTATCGGCCAICEC^^ 



6301 



6361 



'ig. 17-7 
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TATTGrCGTCTCCGCCGGCCCGCTTCC\ACCGCTCCCCTAGTGGGGGGAGAO\CCGGTCG 

I^^T^^^P^^^^^^^^^^^GCTCCATCTCxSXGSHlIS^SS^JfJjJj^STSAC 
AGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGrTCCGTTSAAaSG5cGl?^SSI?TC 

AGGGGACTACGACTCGAGTATCTCCGGTTGGAGGATAC???C^?C?TC?ICCC§??S^G 

^;I9^cagggttgagtcagaaaacaaagtggtgat^ctSgJctS?t?5S 

TAGrcCTCCCAACTCAGTCTTTTCTTTCACCACTAAGACCrciHSnGSISGCGil?!? 

gcggaggaggacgagcgggagatctccgtacccgcagaaatcctgcggaaSScgga^^ 

-GCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGaaTrSSS??^? 
PhQAlaGlnAlaLauProValTrpAlaArgPrQAapTyrA3nProPrQr<-iiv«iri htk-,- 




^?^'^!^^^^'^°^P''^^^^P^°Pr°ValValHi3GlyCyaPraLeuProProProLvs 
T^^^t^^^^^^^^'^'^^^^^CCACCTCTCGTCCATGGCTGTCCGCTTcScC^^ 

acctttttcgggctgatgcttggtcgacaccaggtaccgacaggcgaagSggagStt^ 

S^£^5°P^°^^P^oProProArgLysLy8AxgThrValValLeuThrGluS 
TCCCCTCCTGTGGCTCCGCCTCGGAAGAACCGdACGGTGGTC^T^i^^Ii? 



C 

eJrThrljeu 




^^TJi^^^'^^^^^^^^^^^^^SerPheGlySeirSerSerThrSerGlylle 

tctactgccttggccgagctcgccaccjw3aagctttggcagctcctcaacttccggStt 

AGATGACGGAACCGGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGTAA 

?™i3^^^P^^"^^^^''^^SerSerGluProAlaProSerGlyCysProProAfloSex 
^^S^S^GACAATACGACAACATCCTCTGAGCCCGCGCCTTCTGGCTGCCCCCCCGACTCC 
'^GCCCGCTGTTATGCTGTTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGG 

PheAla 

^fS^^^^"^^^^^^^^"*"'"^'^°^'^<=l"GlyGluProGlyA3pProA3pL<:u 
^^SP^^^'^^^TA'T'rCCTCCATGCCCCCCCTGGAGGGGGAGCCTGGGGATCCGGATCTT 
CTGCGACTCAGGATAA(5GAGGTACGGGGGGGACCTCCCCCTCGGACCCCTAGGCCTAGAA 

f5£^^P'^^ySerTrpSea:ThrValSerSerGluAlaAflnAlaGluA3pValValCyaCy9 
^5^™°^^^?^^^^^<=^^''^CAGTAGTGAGGCCAACGCGGAaGATGTCGTGTGCTGC 

tcgctgcccagtaccagttgccactcat(:j\.ctccggttgcgcctcctacagcacacgacg 

Ser.MetScrTyTSerTrpThrGlyAlaLeuValThrProCyaAlaAloGluGluGlnLYs 

TS^^^^^T'^actcttggacaggcgcactcgtcaccccgtgcgccgcggaagaacagaaa 
agttacagaatgagaacctgtccgcgtgagcagtggggcacgcggcgccttcttgtcttt 

LeuProIleAsr-AJLal^euSorAanSexI^uLeuArgHlaHiaAsnLeuValTTTSarThr 

ctgcccatcaatgcactaagcaactcgttgctacgtcaccacaatttggtgtattccacc 
gacgggtagttacgtgattcgttgagcaacgatgcagxggxgttaaaccacataaggtgg 

ThrSerArgSerAlaCyBGlnArgGlnLysLyaValThrPheAfipArgLeuGlnValLeu 
ACCTCACG CAGTGC TTGCCAAAGGCAGAAG AAAG TCACATCTGACAG AC TGCAAG TTC TG 
TGGAGTGCGTCACGAACGGTTTCCGTCTTCTTTCAGTGTAAACTGTCTGACGTrCAAGAC 



EP 0 388 232 A1 



7441 



7501 



CTGTCGGTAATGGTCCrGCATCAiGTTCCTCCA.XTTTCGTCGCCGCAGT?^^i^^GA 
Phe 
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SGrValTrpLyaA3pr>=uJLouGluA6pA8nValThrProIleA9oThr-rh^Ti , , 
L7sA8nGluValPheCyaValGlnPxoGlul.y8GlyGXyAjrcTlLvaPrQA.li,Ar-«r,..T-. 

aagaacgaggttttctgcgttcagcctgagaIggggggtcgtXXg^?^?^^ 

TTCTTCCTCCAAAAGACGCAAGTCGGACTCTTCCCCCcl5S??5S§??GlGSSg^I§ 
ValPheProAspI^uGlTValAjrgValCyaGluLyaMetAlal^uO^rrAflDV-iLLv^i'rh^ 

gtgttccccgatctgggcgtgcgcgtgtgcgaaaagatggcS?Sta5gacX^?^ 
cacaaggggctagacccgcacgcgcacacgcttttctaccgaSStgSS?I?SI?^ 

7B01 ^^s^fcit^^c^i'^^tmrci^^^^^ 

TTCGAGGGGAACCGGCACTACCCTTCGAGGATGES?IIii??IJSSIS???^C??? 

caacttaaggagcacgticgcaccttcaggttcttttcggStacccESSS^^^ - 

'^^Jf^^'^y^^^^^P^^^^V^^lThrGluSerAapIleArcrThrGluGlijAlHTI.-T^r. Fig. 17-9 
^£^^GCTCCTTTGACTCCACAGTCACTGAGAGCGACAi?H5TiS^ 

TGGGCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAG 
^wSX^^^^^P^^^^PP^^^^'^^SValAlaHeLysS&rLeuThrGluAroLftu 

caatgttgtgacctcgacccccaagcccgcgtggccatcaagtSctcaccgagag 

GTTACAACACTGGAGCTGGGGGMCGG<5CGCACCGGTAGTTCA§S 

Gly 

TyrValGlyGlyProLeuThrAsnSerArgGlyGluABDCyaGlyTvrAjraAraCvsArcT 
tatgttgggggccctcttaccaattcaaggggggagaactccggctatcgcaggtcS^ 

ATACAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGcScCAC^^ ' 
mm ™f^5^^yValI^uThrThrSexCyaGlyAanThrLeuThrCysTyrrieLV3AlaAra 

aioi gcgagcggcgtactgacaactagctgtggWcaccctcacttcctacatcSggcccg^ 
cgctcgccgcatgactgttgatcgacaccattgtgggagtgaacStSaStcc^^^ 

AlaAlaCy a ArgAl aAl aGlyLeuGinAfi pCy sThrMittLeuValCyaG lyAspAsDLeu 
gcagcctgtcgagccgcagggctccaggactgcaccatgctcgtgtgtggcgacgactta 

CGTCGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAGCACACACCGCTCCTCA^ 

ft -JOT Y^l'^'^^l^^^sGluSexAlaGlyValGlnGluAapAlaAlaSexLeuArgAlaPheThr 
8221 GTCGTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAG AGCCTTCACG 
CAGCAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGC 

n:>m ^liJAloMetThrArgTyrSerAlaProProGlyAapProProGlnPrcaGluTyrAspLeu 
B 2 8 1 GAGGCTATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGACTTG 
CTCCGATACTGGTCCATGAGGCGGGGGGGACCCCTGGGGGGTGTTGGTCTTATGCTGAAC 

Q-1X-. ^^l^^uIleThrSerCyaSexSerAsnValSexValAlaHiaAapGlyAlaGlyLyaArq 
B 3 4 1 GAGCTC ATAACATCATGCTCCTCCAACGTGTCAGTCGCCCACG ACGGCGCIX3G AAAG AGG 
CTCGAGTATTGTAGTACCLAGGAGGTTGCACAGTCAGCGGGTGCTGCCGCGACCTTTCTCC 
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